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(9)i,ooo~ioo,o o o^\£-wifflmmmy/ i±m&}DN asb^jo/n 

(ii) w 7" u £V -tf- a >r£-effl 1/ > £> tit 1/ >fc © J: 0 £> ( 7 

fi#:^5cJ:t>' ; en*^OtO)^fc^SvH2 2S^*^fc^ ; etl^X.§tC»)^cD 
CO E S C cDfjgfflo 

( i 3 ) it-wmm' 9 9=7 try Y&ftnM&t ^ctiaw^u #v -tf 
— >a >*^©^m^2j(#-r§ c to 

I I I (b) f^^XOHltt 

lllfiil^X^f/HX^ ^(DiffiWDN ASE^iJCl 3 0)^W 

ttmm*i§m-?z>'ttT Fi/x»ttfvwx( i 32)^ /wy^vxifcv 
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XZ-T/^XttmLfcmi 3(B)) 0 ^X^-^VWXcDlSMfiH^^^ 

^V^x^T-li^-r^CS l 3(C)) 0 ilffl»1«^nx h-^^I/hPill:$ 

ts * h n ^ -y ^ gij g; ^ ffl ^ £ £ £ tc J; o T « § £ t if T* £ § o 

I I 1(c) MgifVUXfe^O'llA P E X ->XfA 

^< cD)]iJ^OA P E X^VWXSfcte^y^M^fr^TilliA P E X >"X 
fAWtSCt^tSc A P EX^CDxV^Xte^<©g&3l»£fl?T 

t^ct^^ fros/S^S: g Eia 7 ^ Fitter*®] izk^T&mz&zz. £ 

—>3>£tT</\ (4)J^»JI^-^>y htltffffl^^ (5)DNAli^# 
M) 0 Ctl8©llA P E X@/jY3M^l^X-ri^ ^M^flT^fc 

ft 

rrxV^X^ISx.rt/^o MA P E Xis7,7-K(D-£ibteZ ) m^$ s W&^r^>^ 

i i i(d) ^m^x-r^fe^q'u^— a 
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m^tmcommm^m^^v-^A p e x^wxi«t§i:^^t§o m 
ccd), tiM^fvwxdccD), v^r*n^*jM/ • 7V-h^m 

T\ ffig&fiC C D^--y^m88*fe*47 , /^>'>x • 7* h^^-F(APD) 

Xfi.(C(j;, APE X^->y7°-\4-7°h • ll/^ h P^^XWS fcfi^X^W^ 
tHtR^^IB^iitfC t*mnst$5% D N A O^Wfe J; D'l^Wlf I 

*5<kt;^W(#»«P)*IiIttti, APE X«^S3ROiSaP*5iLTii[S!Wtcf^« 

?nra5?o ccowtaot, APEx^s^^^r^-r^fc^o 

D N A 7°n-7\ HWDN A &ttl*ffik%tomt SOfcffll^S CtmSi 
I I 1(e) 

Olfi^^^ff 9Ci:t1ff5o ^SlifcioT, TOO^m, f&t&gfc 
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WM*t) 7/'J>yu 3; t*3iS*»i:7 p v * y ? t s rzft<D g * 7 -r f 

ttSSjRX|l©|Rl^feK«^JCfiS-e&So 

ll-g-yr^- U * K^ric© 1 O<073 j£5rlH 1 4 ic^fo C commit, 1 

•fey hOjlJRWtcT Kl/XW^SMIiiKl 4 0)THU&U ISMMfuHcQ 
W/P7^$nfcM7$y(X-NH-)l(l 4 2)T*mm<tZtlT^Zo 

IfflteflcDiSJRM^Py^yW^^n^o C fcl^T, IS^t4IE(+) 

fr-saai 4(b)) 0 m&&vtt<&*mvmmtemm'r&c.tte&r>T, mcom 

gSXXgfcfcl^T, ->Xf A^>tX^ib7 5 x - C ) ( 1 4 6)tC# 

v^y^Lfc^oai 4 (c)*3j:atD))o c«/£TjI^cd*x*;1/7^ Fib 
mxHttrnv^^^xeTCigi 4(d)), wif*7yy>wtts 

(DllCii/XfA%iSL, C ©*§£•( x -AX 1 4 8)T«, i-rn-y + V^ 
LrciBfSlWfftll^OiSKW^^'y^'JvW^fiRStiSCia l 4(E)*3«ktf(F)) 
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7"o— ^±tK^'I*DN AM*^tn§o C<»g-&c:}o^T. 1 -x^- 
3 -( 3 - S> * Z-foT a 7 7°n tf # >>V 5 K ( E D C A ) <D £t L 

tzim^ti v 7°u y ymttm^z, 7}<m&mmmmfotmc* u ^ 7 f 

fiHiT\ ^o»(7)f X*§Tffl^30 < O^^^MO^ffl*^ < 

111(e)(1) Z^zsJjk ' h7>X7x7-M^/ct'J d'?^U^-^-F 

5 ' -f^4^7 U 4?? 7 p^?- FH V ym<D 3 ' -^7 U T^JIXt^K *5&Xf*7, 
7 7-7--tf£fiJr?]-r& 0 ' h 7 >X7 x 5! ^ W F 

^7>y7°U yyjMWctbte, 3'->t^77^- tr'^ffl^T3 , ->J ^gpix^;^ 

tC-|§W^ A P E XgMt^ C t^T'f §„ c©77°n-ftfc^Ttt, ^ 
tif>©5'-t Fn^^/Wii^^LT^V^XicOji^^^cDT FUX^tlM 
lUHig^ii^bTl/^ A, T\ GlJ^^C^^l/^-f Fm§APEX"7FiJ 
7^^l^§„ ^-(D7 7l/^f KttWM P E X7 FlxXS^tCjSia-T^ 

o 

7^7°'; y?EL)Z<Dm\ ^7>Ft£, ^©Jgr/f£T?A7 7U^F<h#>y7°U 
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y; >y^n§o ? * fhu ^{^03'^'; yiinxf/HtJ 

*^7°'J y?<Dm 1 ^^^V F(A, T\ G*«ttfC)*^7"rS^FK:, £T 

1 1 i(f) im s nfc^7CT^5/fc&> «£ t£M!lMifc 

-r§^^o^7»^WS^. APE /tii 
fc#T#s 0 a p e x^v^x^ffl^rc^cDtiiafe^^ii'lisSiS^, t«cott 

ffi^ffi (PCR, LCRf) fflOS*W^«^lftW*t)»IBB-^ F V v>773mW 
■Z%>%>\W TDNA^-y/j TWXfctig&So ti^O®Tl^«it^ APE 
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x f/w 7s<Dmmm-&Wt.mfr % mmmc^ u %<> mmm^^^xic & x : ( 1 

«y F£«WK:^f±£-i± ; (2) 2 Iftttf n^i^^Wfilflt 
DN A^tu^tCxB3l^||iiM^rc^®]^-& ; &£m3)Pg£lT3&OT&&l^ 
, »x>F^l/7- tf\ DN A IfdiRN A4<U^^— tz\ &£>mcU#- 

-tr^c^i: # d n a mmmm*, ^'U^tw^rnfrcDmMvMmMiLWTmiR 
mcmm?%^--?%:mi L x¥MMmtimi&-$nz>o ape x^^^x±xn 

iat : c i )d s-dn A%m(Dm^xmmzmfaznrzm®mmwm ; (2)dn 

^^-Wc&zmmDN ACDm^JL^mm^U ; (3)DN A£>J;rjRNA u 

tf^ck^MD N ASB?iJ©«?i^&il*g&£mii|s ; cfcfJX 4)rna 
i i Kg) m±X%&MmMR£M. 

d s-DN AOf|fiJ|5S^^JiT^tT9 C tlzmXX, APEXf/WXi3j;r;i 

^x^Mti, d n a mfrmmMv^x*i>mLm>£?%(Dic.m^z> c tw 

c©ctii, S*S**ODNAWfit^ffl^Oie!»aifi[K±©«iiJil«i 

*v x $ s o &c ^-r § «m iMttfu s tc it mti u^fr ic * o t , * n £ © +>- -r 
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OTcD^»j>^(Digw, ®mio&z?tgt&(Dm-S3&, ^x^-n^^( 

J.Sambrook), -Y — •.x'7 • 7 l J , y>'a(E.F.F ritsch) N £ t>'7^ — • V 
-7f-f X(T .Maniatis) r^rl^^j.-^— • t7u—~y-?' : 7 • 7#7hU- • 
V- TVKMolecular Cloning: A Laboratory ManuaDj <^2R!s^ ^^l — 
3 — 3-;l/K • X^'J >y • /N-^-(Cold Spring H arbor) cOn-;l/ F • 
X^U V^-A- •■^stfv h U — -ybXCCold Spring Harbor Laboratory Pr 
ess)fch 1 9 8 9^CgS«8$nT^So 

i v. mmm 

MDNA^n-y(i, T??* F • /WtXXf AX( Appl ied B iosystems 

^urco ^->c=f-7— s'-r^y^fctis'-u^^^u^^FcDv^n^^ 

Wr^J:^JC^ItLfCo 5'-fiSttAB I U>^(Aminolink)2M^^ 
ffll^SCfcfclJ^TiiAU 3'tiIttRNA CPG»P»OM« 

Lt->7 mm*]&tii'V # § ifi 3 ^ HSHiWbffiK: iota s?7;l/-r k F tcfte<b"e 

SF^ttaWTOI D : 2 0-3 0 C.D.t'J =fv-*7Kf 
1 0D//ilft«t5o lgiCO.lMSSSth'J 1 ?^ pH5.2*3«fct>*l 

O.lM'jyith'J^^ pH7.4T«L/c-t!77f7^XG- 
10*7A(/U7-/l/-^7h, 0.6x5.5cm)±tMtS o 2 00/i 

#v h L> ^«i(u v)"»HXiii^*«#-r«o 
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ET-12R 5'-GCT AGC CCC TGC TCA TGA GTC TCU 

CP-1 5 ' -AAA AAA AAA AAA AAA AAA AAU 

AT-Al 5'-CTA CGT GGA CCT GGA GAG GAA GGA GAC TGC CTG U 

AT-A2 5 ' -GAG TTC AGC AAA TTT GGA GU 

AT-A3 5' -CGT AGA ACT CCT CAT CTC CU 

AT-A4 5 ' - GTC TCC TTC CTC TCC AGU 

AT-A5 5 ' - GAT GAG CAG TTC TAC GTG GU 

AT-A6 5'- CTG GAG AAG AAG GAG ACU 

AT-A7 5'- TTC CAC AGA CTT AGA TTT GAC U 

AT-A8 5 ' - TTC CGC AGA TTT AGA AGA TU 

AT-A9 5 ' - TGT TTG CCT GTT CTC AGA CU 

AT-A10 5'- CAT CGC TGT GAC AAA ACA TU 

S'/^yimtS^'J^Ht -i»fWX'l/7F(TR, 59 
OnmfMH> 6 1 0 n m^)©C^ ^ttafcJKJfrTSo ffi{fcX;b*-;WiS! 

o 

• U<y F-D N A □ >^ay- h (iWTOc t < : rttTs 

• Kffi{tX;l/*— ;l/(^eU^jL^— • 7°n — (Molecular P robes)*±)£: 



^f^t;l/i.7 5 K(DMF)tC?§»PU ®*Si8fi5 0mg/ml(8 0mM)i: Lfc 
o t'Ji^O^MMItF^^ pH9.0-9.HC^LtiW 
10.D./|tl(2 1 £{*"?(* 5 . 4 mM) £ Lfc 0 WL'bffl#g*'V, * V 1 
0 ix lfccfcO-T-^+TX -L/7K2 0fi lfc^fcHirfco HgmTfcT 1 ^ffflSlS^^fc 

, P AG E^d:oTm®L/c(-»tAy;l/>y^(Sambrook)6, 1 9 8 9^ Hulf) 

o 
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ET-21A 5'-Amino-TGC GAG CTG CAG TCA GAC AT 

ET-IOAL 5 ' -Atnino-GAG AGA CTC ATG AGC AGG 

ET-11AI, 5' -Amino-CCT GCT CAT GAG TCT CTC 

T-2 5 ' - Amino-TTT TTT TTT TTT TTT TTT T 

RC-A1 5' -Amino-CAG GCA GTC TCC TTC CTC TCC AGG TCC ACG 
TAG 

RC-A2 5'-Amino-CTC CAA ATT TGC TGA ACT C 

RC-A3 5' -Araino-GGA GAT GAG GAG TTC TAC G 

RC-A4 5'-Amino-CTG GAG AGG AAG GAG AC 

RC-A5 S ' -Amino-CCA CGT AGA ACT GCT CAT C 

RC-A6 5' -Ami no -GTC TCC TTC TTC TCC AG 

RC-A7 5 ' -Amino-GTC AAA TCT AAG TCT GTG GAA 

RC-A8 5' -Amino-ATC TTC TAA ATC TGC GGA A 

RC-A9 5' -Ami'no-GTC TGA GAA CAG GCA AAC A 

RC-A10 5' -Amino -ATG TTT TGT CAC AGC GAT G 

mmmtLfmrm^mi 0 .2mmX5mm)^^0lUc o 0.1-1.0%* 

u v i/'y^ts 18-26 %t° U7^u >it ^ vv^mmzmrc u mtris 



x./c 0 ±j» £zfT%mm i M* o . i m u ym-r h u v a. p h i . 4 -vmrc u 

>^*"7 F(B ioRad) 5 0 0/1 0 0 0 M^f&IM^ffl^T, 0 . 0 5mA^T 

i o'My'is-imzitrco mavmmm<tE7-\ 2Rwmmm2 M n(o. 1 

O . D .) ^ An/c±g[5tr^^ ^ >y h T«n U — 5£®ffiT* 2-5 

M^ufco iET-i 2 RMmmmmisti, swfiiiEoMT ^ 
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, "T^to^E T- 1 0 A L-T R^^JOLfco iEJcM^LfemftBffillWffiBtCfe^ 
T, 0.05 m A^MT 2-5 U iT-?:t»«(Cl8LfCo @tt^r 

JC<koT««lbfeo 2M$gftaS^CO^T<7)^<OttJ!Bfci\ ET-l OAL-TR 
?:INWWDNAlS?iJET-2 1 A-TRtfUt, HuSBtDd^ < ft ofc 

-rA(Hamamatsu I CCD camera imaging system) 3Er{ftx./c> ? x:7~( J ena)xtf 
|gftM§lT^Tl»Lfc 0 &ft##r<D*gHli, WET-1 OAL-TR IB^Ll 

Zs\^7V#^XLrc3.%-V&2>££%7jkLtco ET-2 1 A-TRIMBJfWE 

£r§E«-£ 0 # U U 1 %T * U ;HgX * 5 ^K^e Mtjx 5- • 7" 

;t-7X (Molecular P robes) t±)lClX*-Z> Wtefu ISO £ £ < , ^IfflW^nX 
Lfco IST ^ <D&C#jt^£ X ^ ^ V)\s2L7s7-)UZmN#l 

tc, ^ftc p H 8 . 0^&USM^T^^T&£fc46, ^HB@^irPti:tt± 
tf /to SS^W^tuIEOCi: <-7-)>hU iflc§5^ 0 . l M v vmi- h'J7A 
, pH7.4TSSfcLfc„ r^W^O.O 5mA^T7°U-«$-ti/co 5'-T 
5/«mt§ET-l 0 A L ( 0 . 1 O.D J^2 /il£«M£;£tt&tf£± 
g|5Plflcg§tC^'y h«L, 2-557WaM»li^tfo/co »WX 
*^^fIf^-r^)J:9^«^S^ti:L, ££k:2-5^tt«l/j^To7Co it- 

m& d n a tt^fg l rcii\ udna miffiii^a l fc 0 
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v-et-1 i al-tr»u mz<D£t<mM.ffi.W]ik'fir>rc 0 

m-£r(Dm.(Dttm&, ET-l l A L-T R^NWDN ASB^iJE T-2 1 a-t 
R tCft*. TjfttBD C*£ < fro 7c 0 

^»-rVWX(D^^tJT«, mWfflE T- 1 1 A L - T R #M@B?iJ ( E T- 1 
o A DDW^'J^XU «^A^^ft:^^/c±f^T$^/W^';^VX 
L/cfftfe§Ci:^L/co 3MMlft@5?iJE T-2 1 A-T R (is 

x^v^A^n^ F(E B)(D£ti*¥rxLCD&mte. Zl^ll D N A (■Cla'n L 7c ( 

tStlfc D N A/fefill&tBlDfl^t/^;: btrifi-cfS^Lt^So 

H5Efi»J 2 J; rj 3 (ciEUscd cT i: < ^if^f^W X U / W 7 U £V 
X2-£7c 0 x^-v^A^n = K(E B 0 . 0 5mM E BH^tfiJg) 

-YXL/*cjB«»Itail©^t?E B(IEtcM«)%jg^L/co 5 5 

K»f/W7*SS7'»M, 0.0 5mA, 0 . 0 3 h-B$|ffl©IE©^ 
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mm mm mmit->^i-Ji 

ET-10AL ET-11ALGE) 2 0 0> 

ET-IOAL ET-2 1A(t) 1 



•t^is ?1-}\'<D\kl£±.n t£ H2\ — * U~ ^fei^ffl l^fcDN AT y 

-b -Y CD® j^SB H K o (/ > T L T V 0 

r;l/5-^A(Al)*3J;D*^(A u)SH^(0 . 2 5mm, T^FU >y^(Aldrich 
)*±)# h;l/Ji>4«<D l 0% S-T^y^'Ptf^hUoih^^i/^XA P S)£fc 
Jt^^tzo APS Mijte#jSi§ffl±<D^>' F&£0/t: Ko**>;]/Sfc^fc: 
/xJSLT, ^^Ffe^^/^fciit: Fo^^;l/Si;^-^T 5 >t(Omc^ 

*Bf&Lrc 0 T)\y^=.^ut^abwm-t^^mitr^ 0 mm* 5 x s s cmm 
vmmmiti>rc 0 wmm^m.\^rc-jK(Dmmm^Km.m.\,rco nts^, . osmA 

-M3 0WL/co ?gf±lt:ET-l 2 RfiiS^^^PL/co 

oil® & , mmMmr&ft dna, et-io-tr & / w -/ u *v -tf- 
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3 ymmmiw b, 5 x s s c\ o . i % s d s wcisbl/co 2^^«h^ 
& i i x s s c , o . i % s d s ) v 3 mkw u mmc 

mmLrcdfims 9 O nm, 3^6 1 0 nm) 0 
ISH^ ET-1 2 R^l^tl^lOgltti^tA'yyU >^Lfc 

o ^p^^-r %> d n a <d##ji w y ^-tf- 3 vninwo s D 

XS Hirfco SitLt, / W 7 U £V X t <k OV W 7 y £V XWoftD 

n A-A\mm*MmitAmwivmmLtzo xf^^A^av^ fce b)£^ 

jM L/co 

Mig mm mm<itis?'±ji 

ET-12R ET-1 0 A L (IE) >140 

ET-1 2 R ttUft) 1 
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mm*mMLrzm&icte, y^XKn-r^^^<Dmt» 1000^^ 

6»7 F 2 5 0 n m^m&MvmmWBS&ttt. /7Xf-f >y * 

telEOIt^^f LT^&j^ fl!lO{fi[fiittlN-'RFSWffl5f^ffl*l»<*fc46fc:fiO« 

tt, fflOltam»CTfl!l©*g^|»«:T«03ib, »MST-SL/c-/n-yi: 
CD/ W 7 U £V Hf — 5/3>fc:«fcoT fiSEf § o 

W * 4^ # > F comm & X5 X ^ >y * SlR^a^f § 46 , 5 © 6 

oi ^mtwmm^ * — *J > -r i**5 J: "7 a ^ — £ — ic <fc o TiOH b 
o SlfiO'JX Ffccktf L S 5 0 B7;l/^-n^-^~^et#fc^«{fi^OTO 
^cMlTS : 



(66) 



0 3 3 0 7 





6 1 0 n mCiT 


ABS ^fe 


0 . 14 0 




6 . 811 




7 . 955 




0 . 169 


_afe 


51 . 77 




•0.151 




0 . 035 


h ^ > x ? *f h 


51 . 22 




0.743 








1 . 834 


afe 


61.39 


TFE 


96 . 05 






22 . 18 




25.82 




11 .32 




3 . 103 




45.31 




0.156 


pvc 


2 . 667 



i/'J ZJV • ^XA-l(D8 x 8©7 h 'J v ^7(6 4g|5fil)0 5 0 ^ mEg7aM3 
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8 a) m±m^-h<pmiR 

A P S ( 3 -T ^ X 7°p tf/W F V xh+j/j/7»Igfc(i, >y 7°<D^a®£: 
©^M©ffl#£jS1£lctefrrs<> iB1ttaiffill*fflty««^o^llia<bfe«kt;z:^ 

I^T'A P S TMl/i:^ )M37«i?«U-A R N A IB^U ( ^ 7" v ( S igma) 
tt, ^-7-« 1 0 0,0 0 0 #fc 0 if'v/tt, ^Hf—> 
3 FS2 Ofif*(T 2-TR)0 2 0 OnMMi: 3 

7 "ctcT 5 ^rasjcs-s/fco v ^ti^awfS't'"?? 30, ussc^-c 

1 

IsI^L/Co ^(0^^y°^5 9 0 nmgjitS&^tf 6 1 0 nm^Mmo 

-im^-rimatLT a p s ^L^imcfgv^-stt, fc^tfx* f i^x f 
fmio u v »t© c i: %m<D?jm*nsmv&% 0 

8 b) APE XOilMi 

tt±tf /tv F 'J >y tr^T • T > F • x;l/gH^M43 cfctJ? CCD*^ 

v£:f\jWc7°P — 7" • -rX F • X-r— v'a X Probe Test S tat ion) ? P 
vn^tf^lx-^- • *t*;U6 0 0 0)^ffl^T@^SL7co 1*8*/ W Kfccfc 
tf^Sgmy * <y F ©KOJi^EIStco # , ^ >y 7°£rM§£ L 7c 0 CtifcJ\ ^'V Ft 
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181(1-5 1 xssO§8X87hU v 1 7s\z.\Z^v hV 

yn-y • /<y K*i£f*fcj$ftli£-£fc 0 H P 6 6 2 5 A*7^«Mfe £t/H P 3 
4 5 8 Af^^^W^-^-^^tl^tES OVICT, Mffit£5 0 n A 

8(c) D N A ftg 

8x8C0Vhij7^X-f7 7%, 'H»J 5 $m<D APS KaSTttfelffc L fc Q 
X^T\ ^©^•y7°^^H7^Mil:4-°U-ARNA(^^(Sigma)t±s 
^« 1 0 0,00 0)T'illILfco ^ -y /^Wii(w B )4» LT«J& 
te^^l^o/iRN A»£Lfco CCDXHJCcfcoT, f$fJ£@E3Wc J; 9 

B)fpcDT 2-T R©2 0 0 nMr§?$£3 7 °CtCT 5 ^PhI/n^^U £VX£-t±fc 0 
WBi*HcT3IhK i x s S C^tCX 1 @, ^-^^rUT 1 ^f a m^Lfco 
5 9 0 n mfiJMHfcci: l>' 6 1 0 n m&ftOgbfrttfc: J: o T#ifi Lfc G 

im^nrz^mmmimmcfto , 50^ mroawy F(®MteB)(»« 
8(d) htx^ ic mm gnf:/w .7" u gw; -tf- -> 3 > 
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ffi)±cD^CB^/c 0 ~ 1 -5 n A©1«;&i&#MU 0 . 1 t^^PcDT 2-T 
R^^^»Lfco r»«£U f7y»LT, 5 9 0 nmi^<J; 
0*6 10 nm^Of^X • l^-y F^tttCO^T^S Lfz 0 IBctil^L/c# 

sMfSiiiio*«tttfeo fc 0 APEXf 7 7±(Dm<Dnm&jmmMiiL 

N A=&t?I^Wtd^-A^7U ^VX^^:, %L^X\ »W<DtaB£f!U^ fro 

8 e) g?X5*fi*| ItCM'M't&T F_U >y > J:arVUX cp^px 
8x8APEXTh'J>y tufBOCTi: < A P S L/c c * 'J J? 

»r$2 ^ l^rv h u >y ^x^g#, mrM^mLfco %s^m*c p- i ^«iu 

?$t^U Iii2 /il^lS^'yy±^S^/co M, ®W)P^lU T2-T 
R 2 tf:n^;^«lL/co W^cDft^, «»£LTM^'y ^{^W B V 

o C(D»Jtt, ^W^W*T'£D^Mi»0®^*7 7 FU«y>'>^ > 

8 f) APE X^-y7°CD}jfsW^^e>^" 

&nmcD h l a d q a ic# 3'-u ^ u^j- ^> f^^wt & d 
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GLW*iEKmffi-£ : &&z ticker? Fl/XU ~0. 1 \£a^;l<om3^MWt 

-tx£-£t\ ti v7v >?fcj&(Dn gtt*jfc£-rs ^IrJ^c, itor f/vx£ 

Lfc(0.05%SDS4U 9 0°CtCT 1 O^)^— <D7-V7±KT. 

9 A) 1 5gfcR a s-1 2 7°a-:/TCDm-&^^il 

t/ ^Ras-12ty3^->' ^;1/^T»J3 L/co D N A Zl^Slfc: & 

1 tw-a-bTcwtc^LTaji^M+STvw^u p^xtzm^ wm&vtc 



(71) 



0 3 3 0 7 



2 1 ffl{*ISB|cD7 0 o-^Ttf 9c 1 0Sf*~2 0 S^HBHO^P — WSfe^SSS 

R a s- 1 2<D0WC*5lAT, 1 5 ift^Ma^iW^O-^^KKT/ W 
XlOlMlii ft* L7c 3 0 MfMg ttJ6E?U tc«?X^ ft £ , w y u £V 



5'-GGT GGT GGG CGC CGG CGG TGT GGG CAA GAU-3'- 



Ras-l 




3' -CC-GCG-GCC.-GCC-ACA-C-5' - (TR) 
3 ' -CC-GC.G-GCA-GCC-ACA-C-5' - (TR) 
3 ' -CC-GTG-GC&-GCC-ACA-C-5' - (TR) 
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Ras-GffllfJMRas-K R a s-2f ftttRa s-3kA/f 
yU£VX2-t±7£ 0 Ra s-l(iRa s-Gt^c^L/to Ras-2lil)g 

-T) 0 G-Ai^ttDN Ar.«^-^LTfifefgi^^ttL^i;-r\ 

-4 0°CtCT 1 5 5^1 5 x S S C^Tvn^^U ^VX^t, 
2 0 °C T 5 frill 1 X S S C fpV 3 U 

-1 b p^m(R a s-G/R a s - 2 ) tC^t" R a s-G/R a s-1 
)0^^;W*£Mm-r& : 15 1 0*fl o 

-2 0°CICT 5 5m 5 x S S CffiTv^yU^VX^t, 

- mmm.&Lj 

-1 5 04?;l/KV)tCT0. 1 5 5 'J 7 (m A ) «tf IfWM 4 ^Fl 

(2 0°C)MU 

-1 b p|S^(R a s-G/R a s -2)^^-Ti>^^(R as-G/Ras-1 
)(Diy?'-f}Wt%:Wim-?2> : > 1 0 Ott 1 
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(9 B) 7 ttfetecfctj? 2 2 tt^gz^^fflW^r^MEM^S 

Ras-GSfcttRa s-G At'J dV-^TtTf^^SMWMtl, 



Ras-G 5'-GGT GGT GGG CGC CGG CGG TGT GGG CAA GAU 
Ras-GA 5' -Amino -GGT GGT GGG CGC CGG CGG TGT GGG 

CAA GA 

Ras-22C-TR (TR)-5'-TGC CCA CAC CGC CGG CGC CCA C 

Ras-22A-TR (TR)-5'-TGC CCA CAC CGA CGG CGC CCA C 

Ras-TA (TR)-S'-TGC CCA CAC CGA CGG TGC CCA C 

Ras-7C (TR)-5'-ACA CCG C 

Ras-7A (TR)-5'-ACA ACG C 

a s-GSfctiR a s-G Ate, SMffiSlCttW^Lrco 
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as-2 2C-TRtM7U £VX£-fer/c 0 if-QiSifMflfcilte, 1 i&mtttfimZi 
^btt^(G-A) 2 2SflO?&5R a s-2 2 A-T R ; *fet± % 2&»a^tf 
£LTl^5(G-A*5«fctjFG-T)2 2lft?*5R a s-2 
XL /to 

»Lfco 'Ws*-— 7 F(Bio-Rad) 1 0 0 0/5 0 OMtM^Wt, 
0 . 0 2 ~ 0 . 1 m A icmiS. U 0.02-0.04 stf;l/ h -!#WV—&mfcVMVl 
fcfirofco f'^X^lU ^r-Cm^itC AD*^-7(^W^(Hamaraatsu) 
tt) ^tttf ^ x ( J ena) KfWBLtTX tf Sttfcfc: «fc o TK»f^ W X fcgBg L 7c 
o fO'<^-^^'7 , 7 , >' * 1 O-J^ — is- 7°n-fe>y+r— (Hamamatsu 

10 image processor) [C <£ otilPl U V— — • tTx^yU — ( S ony Video 
Printer)^ J; oTieiitfco ?P»4§tfI»«t5^C(i, 

tt&tm 1 0 0 : 1 tLfztiiZtl&O t>*#fro7co C©'>W : y^Xitlt, 
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nti<Dmmrnm*3& m*mmz , urn ios^t itmrn-v zzmti, *^ $ -r 

o 

(9C) It^y/A ♦ /^y^y57^FtCfett^'g?X^/N^7"'J^V-tf-^ 

3 > 

^wjcd^^jd n Ase^jti, ii^myy d n Atm^m^n^i^^tm^ 

|DNA»f)^§o APEX • ^VWX±cW1£M^&feBT,!&DN A£r 
fj»T3iI -h^^T, ^fg^li, iifiJ^^N-rPDN A©#ST^TtiW^-l'y 

CcDtfiUc&^T, 5'-T ^y&*m&Ti;^Wm&\tt. 22%PAGE, 1 

, et-23al^/c«et-i i a l mmm^-rti^mmit Ltc 0 mm? 

o-7E T- 1 2 Rter-^VX • U>y FTlfJibfco ET-12R-TRS, 
l^fc^OTMtOSa^J^^^^ ET-23A UCte/^7"D 

ii\ e t- i i a Lmmzmcte/^y'v ^vxl^i^5% 

'\fay/ADNA, -T^i/WDNA(CTDNA, S igma)*±)%*§ 

HiTfCo fiW&> 0, 0.1 figSrctiLOjigW^ttCTDNA^Clo'" □ 
lf-OET-1 2R-TR«mt§Wil 0 0/il©0.5xTBEf*HC 
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SMBILfco cnii, UStfJDNAJCjrfcLTO, 1 ,00 Of fta 1 0,0 OOflS©! 
$J&C T DN A^atT^fco 

fcttfrr/VXli, /W^-— 5 F(Bio-Rad) 1 0 0 0/5 0 OWii^m^m^ 
T0,5XTBE^ 0.03mAtt5 ftM-fU-ftmZ&rco Wills ZTfttm 

A^^TOET - 1 2 R-T Ri«*KKf/WX»6^lft, HWr&£: 
'T^mmtC A D^^-7^{^ttt7cv ; x^-^M(^^T^(Hamamatsu) 

#X 1 0-r^-i/ • yD-b-y^ffl^tiOlU • ki-r^ ♦ 7°'J 

i oo/ii^fcoo.i /igc tdn A(D&i±$irzte^&mc$si,f%mtt/^y' 

o 

1 0 0 (il^fcO 1 n g(OC T DNA©^;VT\ is frtf^Wn (DmVlfc 

mvcLzftifiLT^zt^oc tit, ffiwvm7vv*y?&rc\$mfa\sT^ 

(9D) gift/ ^ 7" U -tf- 2 a >-^-M?X^CTJ j®/ vY 7" U -tf- 2 

w y u #v -tf- ~> 3 y ii> sift/ w 7" u *v -tf- %/ 3 > £ d 

3 



> C t £ mtCxft JH<D fc V & % o 
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^mwumf^-f x it. &*um*s & mm^s wxtit, et-23al 

10 

fcctrjE T- 1 1 A LM#E5IJt»tt±tf tee CTDNA 1 /ig fc&lc 1X10 
3 If— OET-1 2R-TR^tt§lSll 0 0 

l -fey h«^J;Wf/Wx^, 5 o to/W^'J ^v-e-^a >mr$ 

X\ 1XSSC, 0 . 1 % S D S T 3 Hk §4 5 °C&CT 5 ftfflffi&Lfco 

S±X%$MMi w 7 u £V -tf- 3 y ■ 
m>t^U *V-tf— > 3 giftflfc£«k D &aiI&JB5£-e©# 

Jft3HW*/N<^ ,, J £V-tf— ->3 9 0 %«^7lc{i> 3 [nltOCo 
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-7mm tub* m^Timicmmis:'^ 7 u #v -t?- *> a t-r s 

- * -a * 7c fi»£D ^ -S cD-^?I^f*^ffl V >T D N A 7°P - 7#1f 

m cm) (omm% tz it BawotfctH mnmm-t % & o t ^ & o fg^m $ v l r >y 

*?l¥W*Jffl> W 7" U *V -tf- *> 3 V V> § C h <fc o T, #f£HJ!# 6 

it. imicMK'&o^^7-^?u>&rcit-rs-x'r-)i<De:-x%:, ft«D 
n a 7°o -7 fcttJciaiessRjsr <y -tr tcffl v > & c t *n^tb l /Co e> t± 

, @47>r-;l/Kl^i«:ffl^t, D N A 7n-7-^'l4^7^^tD« 
fc#l^^/W7U^XXfc^0^iSV^U^;l/T«iJT*#^fc^ D N A 7° 

0~1 0 0 0M)T^I±itt5o »tcM§STJ\ COCi:^ %m<D>^7 

7Jl*U7*7&, *:U*a.7 — • 7°n-7*X • 
^U-Tf-'y F (Molecular Probes, I nc.)*±fr6B8A Lfco KfiH^i* -r^trX 
• U <y F 2; fc it 7 JV * U Hz -f V <D CT £ Z mm&m * W£ fc ±i )\s sK * is * V-fr • 5 
f-y^xx7x7l5DSI.o i7f7^X'X7i7(i, 7 5 > Ureter ;l/-rfc: 

FOCT^^^oaSOM^S^fllS^SCfc^T'^So ifi&O.O 
1—5 ^mcD+r^XTfiJffl-e^^o 
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2) 7MnX7x7 / \(DDNAftflt¥ 

' - * ^ 'J # > F T D N A 7 o - f * ^ f 3 C t <fc o T £ £ -£ § C i: ^ V # 

few, ang7K(t«©2%jiaj?si: lwi/co 0.02-1.0 izm07^> 
p h 7 . 4 cftc ^ >y h aw l tco mmmom 3 ?mmm<t# v v 

o 1XSSC, 0 . 1 % S D S (0 . 1 5mM, h V 0.01 5mM^ 

JL>mi-hWL^ 0.1%(w/v)Fr^MthU^^ pH7.0)4>Ti 

liilWODN A-"7;l/^-nX"7iT^:it??it«WtcHv^uo iDN k-y^ 

^^f'tx^©^ W f U £V if — a > ~> cfc o T £ ti £ 3 ? fca6 

3) M^-rV WXAtDDNA &g 

■e # « . l % 7" * u /Uilgx * > >^ ^ § t ^ >J7^'J 

7*n-^ C P- 1 -T R t.<D;^-7V #4**— is a >K £ o TfiEBJI L fc 0 ttt&"5* 
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fee i:^LT^5, 

4) DNA-7WaX7i7«I^W"/iJ^-lf-i/ 3 ^ < |;t>* 

MifVUX^Iiil(C77yM, 0.0 5mAC00 . 5 X T B E 1 5# 

OALMMfWJ^LTl^o DNA-7/l/tn7 
x71fil %±»r«tcr» Lfcc ^f/H X^r . 0 2 m A T'iBc 5 MfiilffS 
DNA-7;l/tP^7x7(t)KttOt/fi7)*R5IS'&/'c. Ilf^l 

tf^fitifeK ffifif $ fU / W 7" U £V X L o fc D N A - 7 Ar* u X 7 x T ft 

5) DNA-7;^DX7x7©SiA^7U^-lf-'7a>fe<J:M 

;W7'J £V-tf— >3 KRf/^XOiiiiy;V7 h U >y 7X^(Difi^@ 

7 U #V XtSDN A -7 DX7x7tt, l^IfW*^ W7U £V -tf — 

$t L (/ ^lf/W X *fl&iB© cT < 7 > h L fc 0 DNA-7;Wd77x7 
CD 0 . 0 5 %Mr«±f»J§ffiC t?^ y h^PL % 5 ttm&WjWlC/^ 7 >J & 

-YX£-£fc 0 %<Dfflfflm%:W&\L. ffifcf£\ XTBElii»l/c 0 
I^^VWX^rfttCii^^^Tfe^F^^fco Uttf^WXtt, 0.02mAt 
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uste^ji i : ttmm d s - d NAM!i^a±x^g5^i^iiMM&ai5 

2"OCD^J^:ffll/^T> APEXf/WX^d s-D N ABB^J<0*JHx> ^ U 
T— IftfJBrfciliKWtefT'S C i:^tfS^Mt§o M 1 3 m p 1 8 (Xba 
I fflm%m*1iir%)1o&r3M 1 3mp 8(Xb a I »JIS3Pffi*^LTV^V>)^ 

?$—*£fttb<Dmmmcmi;^tco £nz(D^?$—it&<(D?u—-yyi3£ 

m 1 ©fi»jT?t± : ( 1 )a«ft^/WX±OlfSW»ttIffiHU:W-rSM 1 3 mpffi?ij 
(D^PI^Ift/Wy'J ^V-tr-^a >\ UmMfaWWX b a I $iJ|Wfft<Dg 

IS^tS 4O0l#SWS««ffiI(M L - K ML-2, M L-3*3«fctfML-4)* 

zfRsa^b^mt % tc \c it , m^jim u ^ - s/ x r - ^ *m v ^ « 

^— (DUSlCfi, Ml FJf*S£?iJ<DM L- 1 fc^tfM L 

- 2 MHM * -eoii^loJ; £>*^ £ s\(Dnm£-&. & P> X$\Z M 1 3 - 2 * V 

KMtSSS^IjOM L-3 fccfctfM L-4 Ittfflfifl^tDtft&ft <fc tfttSJtf-g- 
p H> p H 5-9O®Hc0|ftR^ 

^-eit^c^kfj Lfcit i§r, ^n^^tciE^MMLfciM^rsj^o rift < 0 

^ZKDXSfcti, M L- 1 MMfeBtCfett^M 1 3 m p 1 8BE3WDM 13-1 
JffiJEBfflFIJ'V©, fte>tffcML-2«ffll{fi[W»:43ttaM 1 3mp 8@B^IJC»MM 1 3- 
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l SE^cD g Eb 7 -y -;U Fltm&fjM^fc J: £>V W :/ 'J £V -tf- a >a*&3: n 

mHcD31|i^^, Xba I JtfiJ|5ggp^^ M L- I (Ml 3mpl 8)MMfiB*5 
£tfML-2(Ml 3m p 8)mmmtLm^\(Dmm^^n^o Xba IttML-l 
©M13mpl S*qm-?Z>t)\ ML-2©M 1 3m p 8 te«L&t,> 0 ML-1 
^?>(OWiTn-ii, ML-3COM1 3-2ia^J^Hj^^tl, fWCA^yiJ^X 
t§o LT«, ML-2feJ;^ML-4cDP H E jTgE&7i'->'UF«m?* 

m*ft^rc 0 M L-2 OM 1 3 m p 8 E^J«W?nt^^^/ci6, M L - 4 Tii 

M13-C1 5 ' - CCA GTC ACG ACG TTG TAA AAC GAC GGC CAG U 

M13-C2 5'-GTA ATC ATG GTC ATA GCT GTT TCC TGT GTG U 

MP18-40C 5'-GCA TGC CTG CAG GTC GAC TCT AGA GGA TCC CCG- 
GGT ACC G 

MPB-40C 5' -TGC CAA GCT TGG CTG CAG GTC GAC GGA TCC- CCG 
GGA ATT C 

MP18-R1 (TR)-5'-AAA TTG TTA TCC GCT CAC AAT TGC 
MP8-R2 (F)-5'-ACA CAA CAT ACG AGC CGG AAG CAT 

Ii- 1 -M 1 3i»J©f« 

c (onrnc ii.^ t 5. ymmtrntmi 2 6 %) ,1-° u t z v jit = Fast rciz*° 

V *7— h ( 5- 1 On m)M141IffiO 2 00 |i mi@flSSiBHftS£:#rS A 
P E X8«»g|l#ffl^So 

Ml 3 - C 1 JSJEE^Jti, 3'-'J^7^ L^^- K&^TT S 3 1 D N A 

t'Jd^^Utf-FtfeSo M 1 3-C lHa^Jti, Ml 3mp 1 8fcJ:D*Ml 3 
mp 8-*«(+)^f ^-0 3'-*4SU:*BffiWCfeSo Ml 3-C 1 JSSEBB^Jt* 

, ±t<d^9j$tm 1 3^^^-^^^ij^xl, ^Kss-a-r s^sii-isn-s 

Ml 3.-C 2iE9IJt±, 3'-U* ^U^F^^TT^ 3 lift*'J^^l/ 
tfh'm Ml 3-C2tt, Xba I»JffigPffi*"&WrS^n-^.i/^aWft 
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*^±«E©M 1 3&&\(Dmmcmffi&lV&Zo M 1 3-C 2jf?£gE?"J&, Xba 

1 3-C 1 fe«tt?M 1 3-C 2JBflEiS^lJti % APE XISW»S±CDT 5 ymWfo 

1 0-2 0 0.D.OM 1 3-C 1 Sfc&M 1 3-C 2 ^ U =f*7— fczkfteiSAIl, 
Tll»10D/|ili:t§o O.lM^lth'J^i, pH5.2^1§i, 4o 

> m^t'>& <tt2 urn an? L-r hsjc-rso o.imv>m 

i-bVVl±, pH7.4T«L/ct77f7^XG-l 0^7^A(^X^-;V 

0.6x5.5c m)i£S.1&m&yB%&ffi't&o 2 0 0/j lM^TO 
U TVuv h 2 /t l^il^OT h^77-f-(T L C)±t7^-y hU !^ 

«ku v)i»iRii»*«#-rSo 

A P E Xli^7=VWX£D4±fflte> T 7 KUXRjtl^W&HML- K ML- 
2, M L-Sfc^tfM L-4 tf>\-£ftZ> 0 

Ml 3-C 1 J^TOJ:|i^d;oTML-l^J;O c ML-2ilSMmKtC±t# 

±gp*3 .fcaTapwas* o.imu ym-t h u ^ a n p h 7 . 4 vmtc u ;u 

*5 F(B ioRad) 5 0 0/1 0 0 0tM»fflt^0. 0 5mA^«5^ 

m-fuvm-gnzo ~o.i o.D.mixDfflmitM 1 3-c ixv^ztu*?- 

X-r^f-y^ • ^7hf7 7t'fe5= 0. ImAfCT, tfl^Wf'J^'J-v' 
X7^&^(-)tCjg^£ftT*5tK ilWitiM L- 1 fcJ:a : ML-2^IE(+)tC 

iffisnr^So mi 3C-U4, ^Mtcr 2 »l- 1 fccfca'M l- 2 km 
mwii^ fc-eifflfctt^ta, sfSb^^o/cMi 3-c lfcML-ifc 



(84) 1^^9-5 03 3 0 7 

<k tf m l - 2 mmmim ^^m^n^xoic 4 ^raatfe * * o 

Ml 3 C - 2 ga^J , MIE £ R— ©1ST?, M L - 3 *5 <k tfM L - 4 S$8Sffl{ftg 
2-M1 3^£-, fflfflWSE^h *5<fctf3fcftteU3K-*- • fu-zr<D 

*IIM 1 3m p 1 8<D^O-->y/^iJpgg|5{fi[-t^> h(6 2 4 0~6 2 8 0) 
*3«fct>*M 1 3mp 8(6 2 3 0~6 2 7 0)fcifflMJD N A^it^^fV Z^X 
Lftttfttffc&fcl/^ W?X»J/W7*U ^V-tf-^a V^fflt^T, &4r, 4 0 
fitttBWtWWrJtCM P 1 8-4 0 CBE?iJ)£ML- 1/M1 3 C - 1 fflURttIfiC«±OM 
1 3mp 1 8^*-&C^-r:7U*VXS-£ ; 4 0 «ffflffl«K-(M P 8- 4 0 
CBE?U)£ML-2/M 1 3 C- 1 ffi»fflffi«±OM 1 3mp 

lt?X^^/Wyj ^V-tf-v'a 0.1mAtT2M 0.0 5 0.D. 

#{£<DM 1 3mp 1 8^-g-W1-§«7-X^7 :;> 'J/^U-^X^A^^(-)ti:fg^$ 
frOML-l/MP l 3 C-llBWHi/.{l^IE(+)tc^$-t±^C^^J:oT 

tT^o ffi14*4#|igKIES-a\ /W7U^VXL^o/cM l 3 m p l 8£j|g$5[ 
ftQfilHfr "T^o H-OIg*ffl^T, M l 3mp 
l 3 C- l iWliitt^I^tA^^iJ £VX£-£3 0 

Ml 3mp l 8fcJ:tfMl 3mp8l^iJ^ 2 W<- 

^ - . yn-y^tt^imcA^r'j^vx^t^o ml-i/mi 3c-is 

MffiHXcOM l 3rnp l 8^** — «\ 2 4Sf*-r^X • L-y KtR»U#— . 

• ^o-^(mp i 8-r i m^tn^ummic^^yv^x^^ 
t± ? p - - y y/fujRBawfc© 5 ■ / w 7 u #v xt 3„ m i 3 m P 8 ^ * 

t tOTW(cn^f y u *v xs-e, c n« * o - - > ^/sjifisuffi© 5 * 

X@-3-X b a I fMRBBfjRfcffl^fcM 1 3mp 1 8 ^^-©M^M 
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mm^mpn> P i )^ 4«f±( P H=p nic ^/c^ze(ph< p d^^«^ 

^r^-r^o p I £ Di^^p HTIt cn£OS£i^gLCDmM£}f^^&T&3 
?<> fct, pH>7 0»r«^TS^^^-;l'F«m^Kj^tT^J : f^ en 

ML-l tcfctf£M 1 3m p 1 8^**— <DX b a I ^Wf&OT<D<fc 5 £fT"5 
o tflf f U^'J- • i/Xf^ffll^ Sktmc X b a I x> F7 * 
4ML-1/M1 3mp 1 8ja»!WMft!B*T?S*7-r— ;l/K«5C»«l«-&So 0. 
1 mAtT2m pH 7 . 60111^ K 1 0 0a"7 hOX b a I 

tfl^f'J^U- • ^X-ri^JUCffififS-^ ML-l /Ml 3mp 1 8g»i 

I^U^'J-'^fAWJ^^ 0.1mAt:t5m ML-1/M13m 
p l 8ja«awffilltifLk:fflfif«-a-, ML-3/M l 3 C-2SW«aiEti:iff 
$t§ 0 ^Jgfci\ Xba 1 fectaVN-r^'J^VXL^^o/cirK-^ML-3/M 1 
3 C-2M*fflfitH^e>|5^-r^rc46^, ML-3/Ml 3C-2Wl«tt 

i£M^IB3RaiK:«fcSSBfc«:, ML-l /Ml 3m p 1 8 @$*jSffl{&Bte*5t*3lfc 

fc^t/M L-3/M 1 3 C-2MMfuHtC*3^^f!5fe^ 
ftS/^7l/tf#t!E?*3<Ifc*^U Ml 3m pi I ^$t£*1 

fciliir^LTl^o P-coa^Xba I tfJBfftefc^&ti, fUtfflBfcL-cw 
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ML-2/M 1 3mp 8&fflM{iLffl£"D^TMIlQM'? 0 M13mp8^£ — 

< IT, ML-2/M 1 3mp 1 8ffitS*fflffifI*±*©»fe^'>^;l/%«H*-rS 
tf, ML-4/M1 3 C-2»fflfiltl^^^tMi<li66n^t\ 

— tftiffiiwk^n^ ape xf/wxi©7 KuxRj^st5»anfiesTgi7 

StJSIHBfiiStC ds-DNA^** — SfcfciDNA K^*»*g^ § C «fc o Ttf 

p e x • f/W7±©7 k isTsvjmft&nmtiLmztiv y°v c 

©SMJS&A P E X • f/WX±©7 FUX«if»fil(C^*?t§L £& 

mmm 1 2 : a^Ex^jjjgM 

«\ HHi^lDN Afc^tf/asfcliRN AfclSBWHCA P E X • f/^7±T'i 
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te^-r 5^7^7-j&tu, ^m^itt^-r s »s d n a # u ^ 5 — e -e* s (H 
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( i i )IE?iJ : E?iJ#-t : 2 7 : 

ATG TTT TGT CAC AGC GAT G 

(2)E*J#^ : 2 8 KB8"*-*W* : 
( i )EyiJ©«rtt : 

(A) E?'J©^£ : 

(B) E^ijO^ : 



&g¥9-5 0 3 3 0 7 



1 9 

19 



1 9 

19 



1 9 

w.mtk 

19 



3 0 



(103) 



4WP9-5 0 3 3 0 7 



(C) «©» : 

(D) h#ni?- 

( i i )Ky»J : BgyiJM : 2 8 : 

GGT GGT GGG CGC CGG CGG TGT GGG CAA GAU 
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* NOTICES * 
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damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
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CLAIMS 



[Claim(s)] 

1 . Substrate; 

An electrode and this electrode are supported by this substrate.; 

current source; connected with this electrode possible [ actuation ] — and — the adhesion layer which 
adjoined this electrode — becoming — the molecule which it can insulate this electrode here although this 
layer is permeability to a counter ion, or can be combined with it at it — receiving — permeability — not 
but — and it is characterized by the ability of this layer to adhere to a macro molecule - electronic — 
device in which the self-address is possible. 

2. Electron device according to claim 1 with which it consists of an osmosis layer further, and this 
osmosis layer is prepared between this adhesion layer and this electrode. 

3. Electron device according to claim 1 with which this current source consists of source of direct 
current. 

4. Electron device according to claim 1 which consists of member chosen from group which this 
substrate becomes from silicon, glass, silicon dioxide, plastics, and ceramic. 

5. Electron device according to claim 1 with which this substrate consists of insulating material which 
exists the base and on it. 

6. Electron device according to claim 5 which is member chosen from group which this base becomes 
from silicon, glass, silicon dioxide, plastics, and ceramic. 

7. Electron device according to claim 5 with which this base consists of silicon. 

8. Electron device according to claim 5 with which this insulating material consists of silicon dioxide. 

9. Electron device according to claim 1 with which this substrate consists of circuit pattern or circuit 
board. 

10. The electron device according to claim 1 to which this electrode can move an electrification macro 
molecule to this adhesion layer. 

1 1 . this electrode moves simultaneously the 1 st macro molecule which carried out electrification to this 
adhesion layer — it can make ~ and — this — the electron device according to claim 1 which can remove 
the 2nd macro molecule which has a reverse charge to the 1st macro molecule from this adhesion layer. 

12. The electron device according to claim 2 with which this osmosis layer consists of aminopropyl 
triethoxysilane. 

13. Electron device according to claim 2 which consists of a buffer-solution reservoir prepared between 
this osmosis layer and this electrode further. 

14. The electron device according to claim 1 with which adhesion in this adhesion layer of this macro 
molecule does not insulate this electrode. 

15. The electron device according to claim 1 which consists of an ingredient chosen from the group 
which this electrode becomes from aluminum, gold, silver, tin, copper, platinum, palladium, carbon, and 
a semiconductor material. 

16. The electron device according to claim 1 which consists of an ingredient chosen from the group 
which this electrode becomes from aluminum, gold, silver, tin, copper, platinum, palladium, carbon, and 
a semiconductor material. 

17. The electron device according to claim 1 with which the adhesion of a cementing material to this 
adhesion layer does not insulate this electrode. 

18. Substrate; 

Each of two or more electrodes and this electrode is prepared on this substrate.; 
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current source; connected with these two or more electrodes possible [ actuation ] — and ~ the adhesion 
layer which adjoined this each electrode — becoming — the molecule which it can insulate this each 
electrode here although this layer is permeability to a counter ion, or can be combined with it at it — 
receiving — permeability — not but — and it is characterized by the ability of this layer to adhere to a 
macro molecule — electronic — device in which the self-address is possible. 

19. Electron device according to claim 18 which consists of a switch controller which connects this 
current source with these two or more electrodes further. 

20. Electron device according to claim 1 8 which consists of an osmosis layer prepared between this 
adhesion layer and this each electrode further. 

21 . The electron device according to claim 1 8 which consists of an ingredient chosen from the group 
which this each electrode becomes from aluminum, gold, silver, tin, copper, platinum, palladium, 
carbon, and a semiconductor material. 

22. Electron device according to claim 18 which consists of an electronic insulating material formed 
between the electrodes of further this plurality. 

23 . The electron device according to claim 1 8 with which these two or more electrodes have been 
arranged in an array. 

24. Electron device according to claim 18 which consists of a mold cavity for holding the solution which 
consists of matter further chosen from the group which consists of a cementing material, a reagent, and 
analyte. 

25. The electron device according to claim 18 which forms the active location device by which the 
specific binding matter was selectively conveyed to the joint location in which these two or more 
addresses are possible, was combined with it, and the address was carried out. 

26. The electron device according to claim 18 which it is while the width of face of the joint location on 
a device is 0.5 micrometers and 200 micrometers. 

27. The electron device according to claim 18 which it is while the width of face of the joint location on 
a device is 5 micrometers and 1 00 micrometers. 

28. The electron device according to claim 18 with which these two or more joint locations are arranged 
in the 2-dimensional array. 

29. The electron device according to claim 18 with which these two or more joint locations are arranged 
in the three-dimension array. 

30. Electron device according to claim 18 with which it consists of computer system and this system is 
connected further here electronically in these two or more joint locations. 

31. The electron device according to claim 30 with which this computer system is connected with this 
electrode. 

32. Offer Location Connected with Power Source.; 

; Contact the 1st nucleic acid to the 2nd nucleic acid, and adhere to this 2nd nucleic acid here in this 
location, and it ranks second to it. Although it consists of putting this location on sufficient time amount 
and electronegative potential, and this 1st nucleic acid will be removed from the 2nd nucleic acid here if 
this 1st nucleic acid is a nonspecific nucleic-acid array to this 2nd nucleic acid How to control 
electronically the nucleic-acid hybridization characterized by consisting of a process which will not be 
removed if this 1st nucleic acid is a specific nucleic-acid array to this 2nd nucleic acid. 

33. The approach according to claim 32 this 1st nucleic acid and this 2nd nucleic acid exist in a solution. 

34. The approach according to claim 32 of consisting of a process which puts this location on 
electropositive potential further before putting this location on electronegative potential, and condenses 
this 1st nucleic acid in this location by that cause. 

35. or [ raising this electronegative potential for every constant value ] — or the method according to 
claim 32 of making it fall. 

36. The approach according to claim 32 this **-specific nucleic-acid array has one mispairing to the 
array of this 2nd nucleic acid. 

37. The approach according to claim 32 this 1st nucleic acid consists of seven or less nucleotide. 

38. The approach according to claim 32 this 1st nucleic acid consists of 22 or more nucleotides. 

39. The approach according to claim 32 this 1st nucleic acid consists of a nucleotide between 7 and 22. 

40. The approach according to claim 32 of consisting of an element which can detect this 1st nucleic 
acid. 

41 . The approach according to claim 32 this 1st nucleic acid consists of fluorophore. 
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42. The approach according to claim 41 chosen from the group which this fluorophore becomes from 
Texas Red and a fluorescein. 

43. The approach according to claim 32 this 1st nucleic acid consists of deoxyribonucleotide. 

44. The approach according to claim 32 this 1st nucleic acid consists of ribonucleotide. 

45. The approach according to claim 32 this 1st nucleic acid consists of a qualification nucleotide. 

46. ; Add a color further detectable in this solution, and combine that it is also at compatibility higher 
than a single strand nucleic acid here with a double strand nucleic acid, and this color ranks second. The 
approach according to claim 33 of consisting of a process which measures the level of the hybridization 
between the 1st nucleic acid and this 2nd nucleic acid in this location by detecting the level of this color 
in this location. 

47. The approach according to claim 46 this color consists of an ethidium bromide. 

48. ; Add a color further detectable in this solution, and this color emits the signal in which strong 
detection is possible here by the case where a double strand nucleic acid is contacted rather than a single 
strand nucleic acid, and ranks second to it. The approach according to claim 33 of consisting of a process 
which measures the level of the hybridization between this 1st nucleic acid and this 2nd nucleic acid in 
this location by measuring the level of the signal in which this detection of this color in this location is 
possible. 

49. The approach according to claim 48 this color consists of an ethidium bromide. 

50. The approach according to claim 33 this solution consists of the 3rd nucleic acid which consists of a 
nonspecific nucleic-acid array to this 2nd nucleic acid. 

51 . The approach according to claim 50 the concentration of this 3rd nucleic acid exceeds 1,000 times of 
the concentration of this 1st nucleic acid. 

52. The approach according to claim 32 this 1st nucleic acid consists of a nucleotide of 7. 

53. The approach according to claim 32 this 1st nucleic acid consists of a nucleotide between 5 and 7. 

54. The approach according to claim 32 this 1st nucleic acid consists of a nucleotide of 22. 

55. Offer Location Connected with Power Source.; 

Two or more nucleic acids are contacted to a target nucleic acid, and this location adheres to this target 
nucleic acid here.; 

It ranks second. How to control electronically the nucleic-acid hybridization characterized by consisting 
of putting this location on sufficient time amount and electronegative potential, and consisting of a 
process which removes a nonspecific nucleic-acid array from this target nucleic acid here not to a 
specific nucleic-acid array but to this target nucleic acid to this target nucleic acid from these two or 
more nucleic-acid arrays. 

56. 1st Location Containing Electrode Which Exists Solution in 1st Bottom, and 2nd Location 
Containing Electrode Which Exists in 2nd Bottom are Contacted — Making — ; — Subsequently — This 

1 st Location is Put on Electric Electrification Matter and Reverse Charge to this 2nd Location. Thereby 
How to condense electronically the electric electrification matter which consists of a process which 
condenses this electrification matter not in this 2nd location but in this 1st location. 

57. The approach according to claim 56 of consisting of a process which puts this 2nd location on the 
same charge to this matter further. 

58. The approach according to claim 56 of consisting of a process which makes covalent bond form 
between this matter and an adhesion layer in this 1 st location further. 

59. The approach according to claim 56 by which this matter is a nucleic acid and electrification of this 
1st location is carried out with electropositive potential. 

60. The approach according to claim 59 by which electrification of this 2nd location was carried out with 
electronegative potential. 

61 . The approach according to claim 56 the concentration of this matter in this 1st location exceeds 10 
times of the thing of this matter in this 2nd location. 

62. The approach according to claim 56 the concentration of this matter in this 1st location exceeds 
1 ,000 times of the thing of this matter in this 2nd location. 

63. The approach according to claim 56 the concentration of this matter in this 1st location exceeds 106 
times of the thing of this matter in this 2nd location. 

64. The approach according to claim 56 of consisting of a process which makes this matter adhere to this 
1 st location further. 

65. Contact Solution in 1st and 2nd Locations.; 

; Put this 1st location on the electric electrification matter and a reverse charge to this 2nd location, by 
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that cause, convey this electrification matter to this 1st location, and rank second. This 2nd location is 
put on the charge of the objection to this electrification matter to this 1st location after an appropriate 
time [ ]. By that cause How to convey the electrification matter in a solution electronically from the 1st 
location characterized by consisting of a process which conveys a nucleic acid to this 2nd location from 
this 1st location to the 2nd location. 

66. The approach according to claim 65 this matter is a nucleic acid. 

67. The approach according to claim 65 of consisting of a process which makes this matter adhere to this 
2nd location further. 

68. Offer Two or More Reaction Locations on Substrate, and Address is Electronically [ Separately ] 
Possible for Each Reaction Location Here.; 

An adhesion layer is formed on each reaction location.; 

These two or more reaction locations are contacted in the solution which consists of an electrification 
monomer A.; 

Specified A location where Reaction A occurs with a reverse charge to Monomer A is deflected 

selectively, another location where Reaction A does not occur in the same charge as Monomer A is 

deflected, and, thereby, Monomer A is made to condense and react to these A locations.; 

After an appropriate time, the unreacted monomer A is removed from these two or more reaction 

locations.; 

These two or more reaction locations are contacted in the solution which consists of an electrification 
monomer B.; 

How to control a biopolymer electronically by two or more locations characterized by to consist of a 
process which make deflect another location where Reaction B does not occur in the same charge as 
Monomer B, make these A locations condense Monomer B by that cause, make to make deflect 
selectively these A locations in the charge of objection of Monomer B, and react, and obtains dimer A- 
B, and compound it in them. 

69. The approach according to claim 68 this monomer A consists of a nucleotide, and this monomer B 
consists of a nucleotide. 

70. The approach according to claim 68 this monomer A consists of amino acid, and this monomer B 
consists of amino acid. 

71 . Offer Complementary Array to Specific Nucleic-Acid Array, and Make this Specific Nucleic- Acid 
Array to which Address of [ on Master Device ] was Carried Out Hybridize this Complementary 
Sequence.; 

; With the location where the address of [ on this master device ] was carried out, arrange the location 
where the address of [ on the electron device in which the acceptor self-address is possible ] is not 
carried out, and rank second. The location on this negative master device and the location on this 
forward acceptor device are deflected. By that cause How to reproduce the electron device by which the 
address was carried out in the specific nucleic-acid array characterized by consisting of a process which 
conveys this complementary sequence to the location where this address of [ on this acceptor device ] is 
not carried out and in which the master self-address is possible. 

72. How to reproduce the patternized array according to claim 71 which consists of a process which 
offers the chaotropic agent or modifier which carried out electrification of the complementary sequence 
from master mold to forward [ which can denaturalize ] further. 

73. location; in which the address is possible on two or more electronics targets with which each consists 
of an electrode — and — the cementing material adhering to each of two or more of these locations — 
becoming — Electron device in which the self-address for the gene type division characterized by the 
ability of each of this cementing material to detect existence of a gene sequence here is possible. 

74. The electron device this whose gene sequence is a nucleotide sequence and in which the self-address 
according to claim 73 is possible. 

75. The electron device this whose nucleotide sequence is a cDNA array and in which the self-address 
according to claim 74 is possible. 

76. The electron device this whose nucleoside array is a genomic DNA array and in which the self- 
address according to claim 74 is possible. 

77. The electron device this whose nucleotide sequence is a mRNA array and in which the self-address 
according to claim 74 is possible. 

78. The electron device this whose nucleotide sequence is a cRNA array and in which the self-address 
according to claim 74 is possible. 

http://www4.ipdl. inpit.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.in... 4/24/2007 



JP,09-503307,A [CLAIMS] 



Page 5 of 6 



79. The electron device this whose gene sequence is an amino acid sequence and in which the self- 
address according to claim 73 is possible. 

80. The electron device in which the self-address according to claim 73 where this each cementing 
material combined with these two or more locations of each is the same is possible. 

81. The electron device with which this cementing material differs from this another cementing material 
and in which the self-address according to claim 73 is possible. 

82. Each Presents Two or More Electronics Targets Which Consist of an Electrode with Location in 
which Address is Possible.; 

A cementing material is made to adhere to each of two or more of these locations, and each of this 
cementing material can detect existence of a gene sequence here.; 
A sample is contacted in these two or more locations.; 

How to carry out the type division of the gene which is characterized by consisting of a process which 
determines the gene profile of this sample by detecting un-existing or existence of a gene sequence in 
each of two or more of these locations and which was controlled electronically. 

83. Present Electronics Target Which Consists of an Electrode with Location in which Address is 
Possible.; 

A substrate is contacted in this location.; 

This location is put on a reverse charge to an enzyme, and this condenses this enzyme in this location.; 
This substrate is made to adhere to this location.; 
This enzyme is contacted in this location.; 

This location is put on this enzyme and a reverse charge, and this condenses this enzyme in this 
location.; 

How to perform the enzyme reaction electronically controlled in the location which is characterized by 
consisting of a process to which this enzyme is made to react with this substrate of this location, and in 
which the address is possible. 

84. The approach according to claim 83 this substrate consists of a nucleic acid. 

85. The approach according to claim 83 this enzyme consists of a restriction enzyme, a ligase, 
proteinase, glycosidase, or a phosphorylase. 

86. The approach according to claim 83 this enzyme consists of DNA polymerase. 

87. The approach according to claim 83 this enzyme consists of RNA polymerase. 

88. The approach according to claim 83 this enzyme reaction consists of enzyme digestion of a nucleic 
acid. 

89. The approach according to claim 83 this enzyme reaction consists of composition of a nucleic acid. 

90. The approach according to claim 83 this enzyme reaction consists of composition of a polypeptide. 

91. (1) Present the electronics target which consists of an electrode with the location in which the address 
is possible.; 

(2) Offer the oligonucleotide primer Y adhering to this location.; 

(3) Contact the single strand nucleic acid X in this location, and this primer Y hybridizes it specifically 
to this nucleic acid X here.; 

(4) Put this location on a reverse charge to this nucleic acid X, and this condenses this nucleic acid X in 
this location, and make this primer Y hybridize this nucleic acid X.; 

(5) Contact nucleic-acid polymerase in this location.; 

(6) Put this location on a reverse charge to this polymerase, and this condenses this polymerase in this 
location, and enable this polymerase to compound a nucleic acid Y from this primer Y in this location.; 

(7) Put this location on sufficient time amount and electronegative potential, and remove this nucleic 
acid X from this location.; 

(8) Contact an oligonucleotide primer X in this location, and this primer X hybridizes it specifically to 
this nucleic acid Y here.; 

(9) Put this location on a reverse charge to this primer X, and this condenses this primer X in this 
location, and make this nucleic acid Y hybridize this primer X.; 

(10) The approach put this location on the charge of this polymerase and objection, this condenses this 
polymerase in this location, and this performs magnification controlled like lightning study of the 
nucleic acid which consists of a process which enables this polymerase to compound a nucleic acid from 
this primer X of this location. 

92. 2nd Macro Molecule is Contacted in 1st Macro Molecule Which Carried Out Electrification in 
Direct-Current Electric Field — Making — Here — this — 2nd Macro Molecule is Combined with 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2 4/24/2007 



JP,09-503307,A [CLAIMS] 



Page 6 of 6 



Location — Having — ; 

this location — sufficient time amount — this — the charge of the 1 st macro molecule — receiving — 
reverse potential — placing — here — this — the 1st macro molecule ~ if — this — the 1st macro molecule 
— this, although it is removed from this 2nd molecule if it does not combine with the 2nd macro 
molecule specifically if — this — the 1st macro molecule ~ this — the approach of performing association 
electronically controlled between the macro molecules characterized by consisting of a process which 
will not be removed if it combines with the 2nd macro molecule specifically. 

93. this — the approach according to claim 92 the 1st macro molecule is a polypeptide. 

94. this - the approach according to claim 92 the 1st macro molecule is a nucleic acid. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

The self-assembly micro electronic system in which the object for molecule biological analysis and the 
self-address for a diagnosis are possible, and field of device invention This invention relates to the 
design of the self-assembly micro electronic system which can perform actively two or more processes 
and the compounded reaction in a microscope format and in which the self-address is possible, 
manufacture, and an activity. Especially, the molecule biological reaction like nucleic-acid 
hybridization, nucleic-acid magnification, sample preparation, an antibody / antigen reaction, a clinical 
diagnosis, and biopolymer composition is included in these reactions. 

Background of invention Molecular biology consists of a wide range technique for analysis of a nucleic 
acid and protein, and many of them form the foundation of clinical diagnostic assay. On these 
techniques, nucleic-acid hybridization analysis, restriction enzyme analysis, Separation and purification 
of gene sequence analysis, a nucleic acid, and protein are included, for example, Jay Sambrook (J. 
Sambrook), I EFU flysch (E. F.Fritsch), and tee Maniatis (T. Maniatis) — "— molecular cloning: -- A 
laboratory manual (Molecular Cloning: A Laboratory Manual)" ~ the 2nd edition New York State, the 
Cold Spring Harbor Laboratory press (Cold Spring HarborLaboratory Press) company of a cold spring 
harbor (Cold Spring Harbor, New York), 1 989. 

Operating a huge number per very many samples is included in many molecule biological techniques. 
Often they are complicated, and take time amount, and, generally a high precision is required. As for 
many techniques, the application is restricted by lack of sensibility, singularity, or repeatability. For 
example, the problem accompanying sensibility and singularity restricted practical application of 
nucleic-acid hybridization, and came until now. 

Generally detecting a small number of specific target nucleic acid (DNA or RNA) with a probe 
dramatically out of the non-target nucleic acid of a large quantity is included in nucleic-acid 
hybridization analysis. In order to maintain high singularity, hybridization is usually performed under 
the strictest conditions attained with the various combination of temperature, a salt, a detergent, a 
solvent, the chaotropic agent, and a modifier. 

Nucleic-acid hybridization analysis of two or more samples it has been carried out in the form of various 
filters and a solid-state base material (G ray BERUTSU et al. (G. A.Beltz) --) The 100th volume 
(Methods in Enzymology) of Methods in Enzymology B section, The volume Earl Wu (R. Wu), El 
Grossman (L. Grossman), and on cay mol dub (KMoldave), New York (New York), Academic Press 
(Academic Press), Chapter 19, 266 - 308 pages, 1985. Making it hybridize with the probe (group) which 
was made to carry out the noncovalent bond of the target DNA to a filter, and carried out the indicator of 
this by radioisotope succeedingly is included in one format and the so-called "dot blot" hybridization. 
"Dot blot" hybridization has acquired the wide range application, many versions were developed (em El 
em Anderson (M. L.M.Anderson) and BII Dee Young (B. D.Young) — ) "Nucleic-acid hybridization- 
practical approach The volume" BII dee Hermes (B. D.Hames) and for S Jay Higgins (S. J.Higgins), 
(Nucleic Acid Hybridization-A Practical Approach) Refer to Washington, D.C. (Washington D.C.), an 
AIARUERU press (IRL Press) company, Chapter 4, 73 - 1 1 1 pages, and 1985. "Dot blot" hybridization 
is further developed also the object for multiplex analysis of genome mutation (dee NANIBU pretty (D. 
Nanibhushan) and Dee Rabin (D. Rabin), July 8, 1987, Europe patent application No. 0228075), the 
object for detection of a duplication clone, and for genome map production (G ray Evans (G. A.Evans), 
June 15, 1993, U.S. Pat. No. 5,219,726). 

To another format and the so-called "sandwiches" hybridization covalent bond of the oligonucleotide 
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probe is carried out to a solid-state base material, and catching and detecting two or more nucleic-acid 
targets using it subsequently is included (em RANKI et al. (M. Ranki) — ) The 21st volume (Gene) of a 
gene, 77 - 85 pages, 1983; Ray em Pulver (A. M.Palva), Tee em RANKI (T. M.Ranki) and EICHI I sow 
DARUNDO (H. E.Soderlund), October 2, 1985, British patent application GB2156074A No.; Tee em 
RANKI (T. M.Ranki) and EICHI I sow DARUNDO (H. E.Soderlund), January 7, 1986, U.S. Pat. No. 
4,563,419; Ray dee BII Malcolm (A. D.B.Malcolm) and Jay ray Laon Dale (J. A.Langdale), July 3, 1986 
and PCT WO 86/03782; Wye SUTABIN skiing (Y. Stabinsky), January 14, 1988, U.S. Pat. No. 
4,751,177; Tee EICHI Adams et al. (T. H.Adams), February 22, 1990, PCT WO 90/01564; R BII 
WARASU et al. (R. B.Wallace), The 1 1th volume (Nucleic Acids Res.) of NUKUREIKKU ASHIZZU 
research, 3543 pages, 1979;, and BII Jay Connor et al. (B. J.Connor), The 80th volume 
(Proc.Natl.Acad.Sci.USA) of the pro C DINGUZU OBU National Academy of Sciences Inn U.S.A., 278 
- 282 pages, 1983. The compound version of these formats is called "the reverse dot blot (reverse dot 
blot)." 

Even when using the reporter radicals (the enzyme, the fluorescence chromophore, radioisotope, etc.) 
and joint detection systems of high sensitivity (fluoro meter, RUMINO meter, a photon counter, 
scintillation counter, etc.) most using the latest nucleic-acid hybridization format and the latest strict 
control approach, it is still difficult to detect the nucleic-acid target of low copy number (namely, one to 
100,000 pieces). 

This difficulty is caused by some problems produced in relation to direct probe hybridization. One 
problem relates to strict control of a hybridization reaction. A hybridization reaction is usually 
performed under strict conditions, in order to attain the singularity of hybridization. Optimization of the 
temperature in hybridization, ionic strength, and a modifier and the continuing cleaning method are 
contained in the approach of strict control in first meaning. If these strict conditions are applied, a 
remarkable reduction of the number of the hybridization probe / target complex for detecting will take 
place to a regrettable thing. 

Another problem relates to DNA in most samples, especially a human genome DNA sample being 
dramatically complicated. When a sample consists of a huge number very similar to a specific target 
sequence of arrays, even the most unique probe array starts the partial hybridization of a **-target 
sequence and a large number. 

The 3rd problem relates to the hybridization dynamics which is not [ between a probe and its specific 
target ] desirable. As for a great portion of hybridization reaction, even the bottom of the best condition 
is relatively performed by a low-concentration probe and a low-concentration target molecule. In 
addition, a probe often competes with the complementary strand to a target nucleic acid. 
The 4th problem about the hybridization format of current most is the **-specific background signal of a 
high level. This is caused when a DNA probe almost has compatibility to any matter, 
these problems — each — or it combines and the sensibility and/or the singularity of nucleic-acid 
hybridization of said format are made to lose Since it is required for the clinical diagnostic assay on the 
basis of most nucleic acids to detect the nucleic-acid target of low copy number, this is regrettable. 
Since it is difficult to detect the nucleic-acid target of low copy number, the research community is 
greatly dependent on the polymerase chain reaction (PCR) for making a target nucleic-acid array 
amplify (em ray INISU et al. (M. A.Innis), "PCR Protocols:A Guide to Methods and Applications", 
Academic Press (Academic Press), 1990). Even if, even if it requires a long period of time however and 
is a troublesome process, the continuing direct nucleic-acid-probe technique is improved according to a 
huge number of target nucleic-acid arrays produced by the PCR reaction. 

The characteristic exception over the general difficulty of detecting the target nucleic acid of low copy 
number with a direct probe is the Inn SAICHU hybridization technique. A nucleic-acid array with 
unique low copy number is detectable in each cell with this technique. In the Inn SAICHU format, a 
target sequence is automatically restricted to the field of a cell (- 20 -50 micrometer2) or a nucleus (-10 
micrometers 2) by comparatively high partial concentration, furthermore, a probe / target hybridization 
signal is restricted to a field different microscopically and morphologically — having — ; — an 
electropositive signal is easily distinguishable from a signal artificial or more nearly nonspecific than the 
hybridization on a solid-state base material with this. 

By copying the Inn SAICHU hybridization in a certain kind of mode the new technique in which the 
compound equipment or matrix equipment (for example, DNA chip) formed [ overly ] into the detailed 
format performs multiplex sample nucleic-acid hybridization analysis is developed (em Bali Naga (M. 
Barinaga) — ) Refer to the 253rd volume (Science) of Science, 1489 pages, 1991; W Baines (W. Bains) 
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and the 10th volume (Bio/Technology) of biotechnology/technology, 757 - 758 pages, and 1992. these 
approaches — usually — a DNA chip — a specific DNA array is overly combined with the very small 
specific field of the solid-state base material like a detailed well, these hybridization formats — the 
conventional "reverse dot blot" and a "sandwiches" hybridization system — super — the version of a 
detailed scale — it is . 

If detailed format-ized hybridization is overly used, "sequencing by hybridization" (SBH) (refer to em 
Bali Naga (M. Barinaga), the 253rd volume (Science) of Science, 1489 pages, 1991; W Baines (W. 
Bains) and the 10th volume (Bio/Technology) of biotechnology/technology, 757 - 758 pages, and 1992) 
can be performed. SHB uses all possible n-nucleotide oligomer (n serious condition). Can identify n 
serious condition in a strange DNA sample, and it is continuously put in order by the algorithm analysis, 
a DNA array is produced (KURUKUBENJAKOFU (R. Crkvenjakov) R dahoma nak (R. Drmanac) and 
R -) Yugoslavia country patent application #570 / 1987 [ 87 or J; R dahoma naks (R. Drmanac), The 4th 
volume (Genomics) of Genomics, 1 14 pages, 1989; SUTEREZOSUKA et al. (Strezoska), The 88th 
volume (Proc.Natl.Acad.Sci.USA) of pro C DINGUZU OBU National Academy of Sciences Inn U.S.A., 
10089 pages, 1991;, an R dahoma nak (R. Drmanac) and R vehicle KUB EN J AKOFU (R. 
B.Crkvenjakov) U.S. Pat. No. 5,202,231, April 13, 1993. 

There are two formats in performing SBH. All possible n serious-condition arrays are produced on a 
base material, and, subsequently making this hybridize with a target sequence is included in one format. 
This is the version of a reverse dot blot. Another format is made to combine a target sequence with a 
base material, and having fished this one by one by all possible n serious condition is included in it. The 
dimorphism type has the further difficulty about the basic problem of direct probe hybridization, and 
compound hybridization. 

Using the "Rivers dot blot" format for analyzing DNA or carrying out sequencing of the DNA is 
proposed in the Southern (Southern), the British patent application GB No. 8810400, 1988; the I em 
Southern et al. (E. M.Southern) and the 13th volume (Genomics) of Genomics, 1008 pages, and 1992. 
The Southern (Southern) identified known single point mutation using the genomic DNA which carried 
out PGR magnification. Moreover, the Southern has also indicated how to compound the array of an 
oligonucleotide on the solid-state base material for SHB. However, the Southern is not touching on how 
the optimal strict conditions are attained to each oligonucleotide on an array. 

The DNA array is determined in FODORU et al. (Fodor), the 364th volume (Nature) of Nature, 555 - 
556 pages, and 1993 using the array of the oligonucleotide of 8 serious condition of 1,024 on a solid- 
state base material. In this case, Target DNA was 12 serious-condition oligonucleotide of the single 
strand only containing A and C base which carried out fluorescent labeling. 12 serious-condition target 
sequence of lpmol concentration (- 6x101 1 molecules) was required for hybridization with 8 serious- 
condition oligomer on an array. This result showed much mispairing. FODORU and others (Fordor) as 
well as the Southern was not mentioning the fundamental problem of the direct probe hybridization like 
the strict control about compound hybridization. These problems show that it is joined to the need for the 
simple 12 serious-condition target of a large quantity, and this SHB format is restricted considerably. 
Recently, sequencing of some brief (1 16bp) DNA arrays was carried out using the 2nd above mentioned 
format dahoma naks (Drmanac), the 260th volume (Science) of Science, 1649 - 1652 pages, and 1993. 
Target DNA made it combine with a film base material ("dot blot" format). Sequential hybridization was 
carried out with 10 serious condition and 1 1 serious-condition oligonucleotide to which 272 carried out 
the indicator of each filter. ; washing time amount by which the specific hybridization of a n serious- 
condition each probe was attained changed for 5 minutes - a night, and temperature at 0 degree C - 1 6 
degrees C using extensive strict conditions. Most probes needed to wash for 3 hours at 16 degrees C. In 
order to detect a hybridization signal, the filter needed to be exposed for 2 to 18 hours. The target 
sequence was simple, and in spite of having used the strictest conditions that setting out of oligomer is 
decreased and can use it, the rate of false-positive hybridization of the total **** was 5%. 
gold [ FO ] (Fodor) — ** — the oligonucleotide was compounded on the matrix the 251st volume 
(Science) of Science, 767 - 773 pages, and 1991 using the photograph plate technique. PIRUNGU et al. 
(Pirrung), U.S. Pat. No. 5,143,854, and September 1, 1992 are teaching the large-scale photograph plate 
solid phase synthesis method of the polypeptide of the array format on a silicon substrate. 
The minute drop containing a specific DNA array was made dropped [ overly ] at each micro-machining 
sample well on a glass base in another approach of matrix hybridization in BITIE et al. (Beattie) and 
"1992 San Diego board:gene recognition (The 1992 San Diego Conference: Genetic Recognition)" 
November, 1 992 using a detailed robotics system. The hybridization in each sample well detects the 
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miniature electrode test fixed object which overly enclosed the minute well the each exception in 
alternating current (AC) electric field by sending an interrogation. 

Irrespective of a format, DNA hybridization of a detailed scale and the approach of SHB have overly 
conquered no present fundamental problem relevant to a nucleic-acid hybridization reaction. They need 
the comparatively short single strand target sequence of a high level, or the PCR magnification DNA 
dramatically, and even the bottom of the strictest condition produces the false-positive hybridization 
signal of a high level. Even if it uses which conventional approach in the case of the compound format 
using the array of a brief oligonucleotide array, strict conditions cannot be optimized per array according 
to each. It is because temperature, ionic strength, or a modifier is changed or cannot be adjusted in the 
array or device used for these formats in the location according to individual as compared with other 
locations. 

Therefore, common strict conditions must be used for all the arrays on a device. 
By this, they are much **. - Specific and partial hybridization arises and application of a device is 
limited dramatically. A problem becomes more complicated as the number of arrays with which it 
differs on an array increases, and array length decreases to ten or less serious condition or it increases to 
20 or more serious condition. This is troublesome about especially SBH that needs many short chain 
oligonucleotide probes. 

Different size, a charge, or the nucleic acid of a spacial configuration is separated in routine work by the 
electrophoresis technique in which a hybridization kind is distinguishable with those different mobility 
in electric field. Two or more surrounding electrode arrays of a medium (for example, gel) are used for 
pulse field electrophoresis, a very big DNA fragment inseparable depending on the conventional gel 
electrophoresis system is separated (Earl Anand (R. Anand) and the I em Southern (E. M.Southern) — ) 
"the gel electrophoresis-practical approach (Gel Electrophoresis of Nucleic Acids- A Practical Approach) 
of a nucleic acid" — the 2nd edition Refer to the volume Dee Rick Wood (D. Rickwood) and on BII dee 
Hermes (B. D.Hames), the AIARUERU press (IRL Press) company in New York (New York), 101 - 
122 pages, and 1990. 

It has indicated that a pace (Pace), U.S. Pat. No. 4,908,1 12, and March 13, 1990 produce a capillary tube 
gel electrophoresis system on a silicon substrate using a micro-machining technique. Two or more 
electrodes are built into this system, and move a molecule through the separation medium in this device. 
SOANE (Soane) and SOANE (Soane), U.S. Pat. No. 5,126,022, and June 30, 1992 will have indicated 
that linearity migration of the electrification molecule in mixture is controllable through the gel 
separation medium contained in tubing, if many electrodes are used. 

In order to control migration of the molecule in a separation medium, and a location, an electrode must 
be installed in tubing. 

DNA was turned in the direction of the electric-field train (line) produced in micro-machining inter- 
electrode using high-frequency alternating current (AC) electric field WASHIZU, an em (Washizu, M.) 
and KUROSAWA, the 6th volume (IEEE Transactions on Industry Applications) of OU (Kurosawa, O.) 
IEEE transactions-on industry applique SHONZU, 1 165 - 1 172 pages, and 1990. However, direct- 
current (DC) electric field cannot be used for those researches. Actuation of the cell which used duplex 
electrophoresis (dielectrophoresis), and a living thing molecule is indicated in WASHIZU (Washizu), 
the 25th volume (J. Electrostatics) of journal OBU erection ROSUTA tex, 109- 123 pages, and 1990. A 
cell can be united and a living thing molecule can be oriented in accordance with the electric-field train 
produced [ overly ] with AC electrical potential difference between detailed-electrode structures. 
However, AC (1MHz) electrical potential difference of high frequency and the medium of low 
conductivity are vitally necessary for two electrophoretic processes. Although these techniques can 
orient the DNA molecule of different size in accordance with AC electric-field train, it cannot 
distinguish the hybridization complex comrade of the same size. 

Huge trial has been made, in order to offer said effective technique of performing two or more processes 
and a compound molecule biological reaction so that more clearly. However, it was proved for the 
aforementioned reason that these techniques are insufficient. In spite of having recognized the want to an 
effective technique for a long time, the solution method satisfying until now is not advocated, 
outline of invention the self-assembly which can perform actively a reaction two or more processes by 
which this invention was controlled in the microscope format, and compound and in which the self- 
address is programmable and possible — it is overly related with the design of detailed electronic system 
and a device, manufacture, and an activity. Although it does not limit to these reactions, nucleic-acid 
hybridization and the molecule biological reaction of most like the clinical diagnosis related [ which is 
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related and antigen/ an antibody//-reacts ] are included, in addition, although the device which carries 
out an application for patent can also perform combination biopolymer composition of many processes 
and is not limited to them, it is specific — composition of the different oligonucleotide or different 
peptide in a minute location is overly included. 

The device which carries out an application for patent is overly manufactured using both detailed 
lithography and a micro-machining technique. This device has and gets down from the matrix of the 
microscope location in which the address is possible to the front face, and the transport and association 
to itself of the matter (for example, a nucleic acid, an antibody) which overly combines a detailed 
location specifically according to each [; ] are controlled electronically, and can be specified, all — the 
address is overly possible for a detailed location about those specific binding matter. If these devices are 
used, a self-assembly is possible for this system at the minimum external break in. 
This address device can control various assays and reactions, and can perform them actively, either of 
the analyte or a reactant is specific by free field electrophoresis — it can overly convey to a detailed- 
location, and the analyte or reactant is condensed efficiently there, and it reacts with the specific binding 
matter. The sensibility which detects the specific analyte or a specific reactant improves for the 
concentration effectiveness. Any **-joint analyte or reactant is also removable by overly reversing the 
polarity of a detailed-location. In this way, the device concerned also improves assay and the singularity 
of a reaction. 

the active property of this device — each — specific — all the voice of the hybridization reaction (again — 
it can creep — that — others — a compatibility reaction) produced [ overly ] in a detailed-location — the 
independent electronic control covered like is offered. The new device in which the hybridization 
reaction called electronic strict control (ESC) is influenced with these devices is offered. About the 
DNA-hybridization reaction which requires different strict conditions, the limitation of the conventional 
array technique which it originally has is conquered by ESC. The active device of this invention can 
make "different strict conditions" electronically in each ** detailed-location. In this way, all 
hybridization can be performed the optimal in the same bulk solution. These active devices differ from 
the conventional compound hybridization array and a DNA chip fundamentally. Although the 
conventional array has the different probe or different Target DNA located at least in each part, all on; 
array have the reaction or the strict conditions that temperature, the buffer solution, salt concentration, 
and pH were common. A reaction or any change in strict conditions influences at least all on this array. 
Although an array can be produced using the complicated photograph plate technique or a micro 
electronic detector element can be included in detection, passively, the conventional device controls an 
actual hybridization process, or does not affect it. The active device of this invention operates each ** 
detailed-location as the trial which became independent thoroughly, or an analysis part (that is, they 
form equivalent "test tube" in each location). A complex hybridization reaction can carry out by the 
minimum external physical actuation. In addition, in order to exchange the buffer solutions, it is not 
necessary to change temperature, and the need for the process which carries out multiple-times washing 
is lost. 

In this way, at the device which carries out an application for patent, whole microprocessor control can 
perform many processes and the compounded reaction preferably by perfect and exact electronic control 
(that is, a computer performs), the device top which carries out the application for patent of many 
processes and the rate of the compounded reaction, singularity, and the sensibility — each — specific — it 
is improved overly notably in a detailed-location. 

Moreover, a device can detect easily the complex hybridized in each ** detailed-location by using the 
combined optical (fluorescence, chemistry luminescence, or spectrophotometric measurement) imaging 
detection system. The accumulation optoelectronics or the electronic sensing component which detects 
DNA directly is also incorporable into the body of a device. 

By request, the master device by which the address was carried out by the specific binding nature matter 
can be electronically reproduced or copied to another base device. 

which size which corresponds with the object of this invention, or a gestalt — it can overly use also for a 
detailed-location, the desirable example of this invention — setting — the sub-millimeter range — a 
detailed-location is overly used. 

Generally the "specific binding matter" means the biological molecule or the synthetic molecule which 
has specific compatibility to other molecules, macromolecules, or cells through covalent bond or a 
noncovalent bond. Preferably, covalent bond or the organic-functions chemical groups (a primary amine, 
a SURUHI drill, aldehyde, etc.) which can carry out a noncovalent bond (automatically based on 
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qualification), a consensus sequence (nucleic acid), an epitope (antibody), hapten, or ligand is overly 
contained in the common functional group of a detailed-location front face in it at the specific binding 
matter. Although it does not limit, : deoxyribonucleic acid (DNA), a ribonucleic acid (RNA), an synthetic 
oligonucleotide, an antibody, protein, a peptide, lectin, a qualification polysaccharide, a cell, a synthetic 
compound giant molecule, the functional nano structure, a synthetic polymer, qualification / the blocked 
nucleotide/nucleoside, qualification / blocked amino acid, a fluorescence chromophore, a chromophore, 
ligand, a chelate, and hapten are contained in the specific binding matter. 

"Strict control" means the capacity for a specific and nonspecific joint interaction to be distinguishable, 
by changing some physical parameters. In the case of nucleic-acid hybridization, temperature control is 
often used for strict nature. A reaction is performed the specific melting point (Tm) of a double strand 
hybrid pair, or near the. 

In this way, the first of this invention and the most important mode are devices which have electronically 
the array of the microscope location in which self-addressing is programmable and possible, the lower 
actuation nature direct current (DC) supported with a substrate by each microscope location — a 
detailed-electrode is overly contained. The front face of each ** detailed-location has the osmosis layer 
to which a small counter ion is conveyed freely, and the adhesion layer in which the specific binding 
matter carries out share coupling. : (1) to which these unique design descriptions provide this device 
with the following important properties — separate a compatibility reaction or a ligation reaction from 
the electrochemical reaction which occurs with maintainable [ overly maintainable / controllable 
functional DC electrode /-to detailed location down side;(2) electrophoresis-transport ];, and (3) 
electrode (metal) interface, and a reverse electrolysis reaction. It is offering the electrophoresis-driving 
force which is used for these devices and with which the main function of a detailed-electrode overly 
turns a cementing material and reacting matter to a specific location. 

An "array" or a "matrix" means the array of the location in which addressing on a device is possible. 
This location can be arranged by the 2-dimensional array, the three-dimensions array, or other matrix 
types. The number of locations can be made into the range to hundreds of thousands at least from some. 
Each location expresses the reactive site which became independent on the whole, 
the 2nd voice — it sets like and either of this invention on a device is specific in a cementing material — 
let the approach overly of conveying to a detailed-location be the summary. If it activates, a detailed- 
location can overly also affect the free field electrophoresis-transport to itself of a functional specific 
binding body in which any carried out electrification, specific — the specific binding matter 
functionalized when the detailed-location was overly contacted — promptly ~ the — specific — covalent 
bond is overly carried out to the adhesion layer front face of a detailed-location. A detailed-location can 
overly also be simultaneously protected by [ other ] maintaining them to reverse potential to an 
electrification molecule. This process is promptly repeatable until the address of the **** detailed- 
location is carried out by those specific binding nature matter. 

The "electrification functionalization specific binding matter" is chemical reactivity (that is, covalent 
bond can be carried out to a location), and means being charged in net electrification (either + or -). 
the 3rd voice — it sets like and either of this invention on a device is specific — the analyte or a reactant 
is made to condense in a detailed-location, and overly let the approach of making it react be the 
summary, after the specific binding matter adheres — the lower part of each ** detailed-location — a 
detailed electrode overly continues functioning in direct-current (DC) mode, any which are maintained 
by the reverse charge to this analyte or this reaction molecule according to this unique description in the 
comparatively thin electrification analyte or reactant molecule which separated in the solution are 
specific — it can convey promptly, can condense and can be made overly to react in sequential or a 
parallel format also in a detailed-location specific — a detailed-location can overly be protected or 
intercepted by maintaining it with the same charge as the analyte or a reactant molecule. These reaction 
rates in a detailed-location are notably accelerable overly with this capacity that condenses the selected 
analyte overly thin in a detailed-location or the selected reaction molecule. 

if a desired reaction is completed, the potential of a detailed-electrode will overly be reversed — making 
— this — the nonspecific analyte or an unreacted molecule is overly removable from a detailed-location, 
the specific analyte or a resultant — any — it can overly emit also from a detailed-location, can convey to 
other locations for the further analysis, can save in; or the location in which other addresses are possible, 
and can remove from; or this system thoroughly. 

specific — the analysis which the analyte in a detailed-location overly follows is also notably improved 
according to the capacity in which the nonspecific matter is made to **** from these locations. 
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the 4th voice — like — setting — this invention: - hybridization happens — specific — super — a detailed- 
location (group) it is ~ the thin target DNA and/or a probe DNA array — quick — condensing — ; 

- hybridization happened — specific — super — ** [ from a detailed-location (group) ] - the target DNA 
array combined specifically — quick — removing — ; 

- hybridization happened — specific — super — the complementary target DNA of a detailed-location 
(group) to competitiveness — quick removing — ; 

- Adjust electronic strict control (ESC) and remove the DNA array (mispairing exceeding one base) 
hybridized selectively.; 

- Adjust ESC and improve the analysis ability of the single mispairing hybridization using the probe of 
the range of 8 serious-condition - 21 serious condition.; (for example, this identifies point mutation) 

- Make the oligonucleotide point mutation probe (for example, a probe longer than 21 serious condition 
and a probe shorter than 8 serious condition) out of range used by the conventional approach hybridize 
efficiently using ESC; 

- ESC which became independent to each hybridization event which happens at the same temperature 
among the same bulk solution — applying — ; — subsequently - Let the approach of improving strict 
control of the nucleic-acid hybridization reaction which consists of a process which improves a non- 
amplifying target DNA array hybridizing to the array of a prehension oligonucleotide probe be the 
summary using -ESC. 

In the 5th mode, this invention makes the summary the approach overly of carrying out combination 
composition of the biopolymer in a detailed-location. 

In the 6th mode, this invention makes the approach of reproducing a master device the summary. 

In the 7th mode, this invention makes the summary the device which performs electronically transport to 

preparation of a sample, and the analysis component of the device. 

In the 8th mode, this invention makes the summary the device which carries out the delivery of a reagent 
and the reactant electronically, without using only the minimum fluid engineering. 
In the 9th mode, this invention makes the summary the device which performs a molecule biological 
reaction and a DNA magnification reaction (for example, limit cutting reaction;, DNA/RNA polymerase, 
and a DNA ligase target magnification reaction). 

In the 10th mode, this invention makes the summary the device (for example, electronic restriction- 
fragment-length-polymorphism analysis and DNA fingerprint analysis) which makes a size decision 
electronically and can identify a restriction fragment. 

In the 1 1th mode, this invention makes the summary the device which performs an antibody-antigen and 
an immunodiagnosis reaction. 

In the 12th mode, this invention makes the summary the device which can perform combination 
composition of an oligonucleotide and a peptide. 

In the 13th mode, it combines with a cell selectively, and this invention processes a cell into 
hybridization, and makes the summary the device which performs the Inn-SAICHU hybridization for 
DNA by ejection or intracellular from a cell. 

It is the self which has the detection system [ be / optical and optoelectronics-/ it / electronic ] with 
which this invention is related in the 14th mode. - It is the self which has the addressed micro electronics 
device or the detection system [ be / optical and optoelectronics-/ it / electronic ] integrated. - Let the 
approach of detecting and analyzing the addressed reaction which overly occurs in a detailed-location be 
the summary using the addressed micro electronics device. 

Since the device of this invention is a programmable electronic matrix (active programmable electronic 
matrices) actively, it uses an acronym "APEX", and indicates or shows the unique property of these 
devices. An APEX acronym is used for the both sides of the "chip" produced with micro lithography, 
and a micro-machining device. 

With an APEX micro electronics device and the active property of a chip, the new device in which 
extensive various molecule biological reactions are performed can be created. The new method of 
attaining both the linearity of a target DNA molecule and an RNA molecule and an exponential 
increment, or magnification is included in these. 

this device denaturalizes a DNA hybrid selectively in the common buffer solution of :(1) room 
temperature (for example, the Tm below quite), and exceeds;(2) 2 or it — between detailed-locations, 
DNA is *********** ***( e( j) promptly, and is overly conveyed or moved, and the electronic 
mechanism of; and (3) requests which can make a specific reactant, a reagent, and an enzyme condense 
selectively is overly offered in a detailed-location. The new index [ physical / molecular biology-] which 
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performs a target magnification mold reaction is contained in these [ all ]. 

The example of the molecule biological reaction controlled by many electronics targets is developed, 
and the electronic increment in the target DNA by electronic connection and increment; of the target 
DNA array by electronic increment;(4) DNA and RNA ligase of the target DNA by the electronic 
orientation restriction enzyme cutting;(2) electronic restriction fragment analysis; (3) DNA polymerase 
of a :(1) specific ds-DNA array and (5) RNA polymerase is included in these. These examples are the 
molecule biological reaction which can be performed on an APEX device, and the typical mold of an 
approach. 

Probably, other summaries and advantages of this invention will be clear from the following detailed 
descriptions and claims. 

easy explanation of a drawing three self-addressing produced using the micro lithography technique is 
possible for drawing 1 — it is overly the sectional view of a detailed.-location. 

drawing 2 was produced in microphone RORISO graph — it is overly the sectional view of a detailed- 
location. 

drawing 3 is produced actually, and is addressed by the oligonucleotide, and 64 which was examined 
and in which self-addressing is possible is overly detailed — it is the mimetic diagram of - location chip. 
Drawing 4 shows like the specific adhesion chemistry fault to which the adhesion front face of a 
detailed-location is made overly to carry out covalent bond of the specific oligonucleotide promptly. 
Drawing 5 is overly detailed. - It is the diagram of machined 96 which the detailed-location device 
overly extended. 

Drawing 6 is overly detailed. - It is the sectional view of the machined device. 

Drawing 7 shows the device of the device which overly uses the analyte or a reaction molecule for 

specific condensing electronically in a detailed-location. 

Drawing 8 shows the assembly by which self-assignment of the device which has three specific 
oligonucleotide cementing materials (SSO-A, SSO-B, and SSO-C) was carried out. 
Drawing 9 shows the hybridization process controlled by the electronics target of the sample / target 
DNA containing a specific DNA prehension array condensed [ overly ] in a detailed-location. 
Drawing 10 shows the serial hybridization process specified electronically. 

Drawing 1 1 shows electronic strict control (ESC) of the hybridization process which determines single 
point mutation. 

Drawing 12 shows the scheme which detects hybridized DNA according to the fluorescent dye detection 
process controlled electronically, without using an indicator DNA probe. 
Drawing 13 shows the scheme of the duplicate controlled by the electronics target of a device. 
Drawing 14 shows the scheme of the combination composition to which the electronics target of an 
oligonucleotide pointed. 

Drawing 15 shows the graph which compares the result of the 15 serious-condition Rasl2 point- 
mutation hybridization performed using electronic strict control and the conventional technique. 
Drawing 16 shows the electronics target of DNA the scheme of controlled restriction fragment cutting. 
Drawing 17 shows the scheme of the magnification controlled by the electronics target of DNA which 
used DNA polymerase. 

Drawing 18 shows the diagram of the APEX device designed so that sample preparation and DNA 
analysis might be performed. 

Detailed description The device and the related methodology of this invention can perform a molecule 
biological reaction and a diagnostic reaction to the bottom of "perfect electronics control." The 
semantics of "electronic control" said to this invention is over the conventional original semantics of this 
word. A detailed electronic device, a device, and a detection system are overly level with idiomatic most 
which always exists under electronic control. The micro electronics device of this invention provides 
further not only idiomatic electronic control but a still more important thing with direct electronic 
control of the physical mode in which they perform a molecule biological reaction and a diagnostic 
reaction. The underlying concept of this invention is a micro electronics device which has the 
microscope location which it can be programmable and can be addressed, the induction-ized top face 
(namely, adhesion layer) where the specific binding matter carries out covalent bond of each ** detailed- 
location, a medium osmosis layer, and a lower direct current (DC) — it overly has the detailed electrode, 
the this device after producing basic micro electronics structure first — the specific binding nature matter 
— each — specific — self- assignment of the addressing of a detailed-location can overly be carried out. In 
this semantics, this device carries out the self-assembly of itself. The device by which the self-address 
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was carried out continues, shifts and can perform a combination reaction actively at those two or more 
processes of the of overly each in a detailed-location. Although a device can react compound, an 
important advantage is that each reaction occurs equally by the trial part which became independent 
truly. The any are overly in a detailed-location, or a device can specify electronically and control quick 
migration and concentration of the analyte from there, and a reactant. According to the capacity of the 
device which controls the dynamic mode of various reactions electronically, many new devices, 
important advantages, and improving points are offered. 

Three sections indicate the concept and example of this invention. The 1st section ("a design and 
processing" of a basic device) has indicated processing of this device that used the both sides of the 
design of a fundamental lower micro electronics device, micro lithography, and a micro-machine 
processing technique. The 2nd section "addressing by which self-assignment of the device was carried 
out" has indicated quick transport and adhesion of self-addressing of a device and a self-assembly, 
especially the specific binding matter to each ** detailed-location. The 3rd section "application of a 
device" has indicated what a device carries out electronics control of the compound reaction with which 
various two or more processes were combined. Moreover, this section has indicated the various 
applications of a device, and application. 

I. A design and processing of a basic device In order to make two or more processes and a complicated 
reaction perform to a device, the electronic parts must be able to maintain active actuation in a water 
solution, in order to satisfy this requirement — that the lower part of each ** detailed-location is 
controllable, and DC mode of functionality — it must overly have the detailed-electrode. However, it is 
important for the device engine performance, especially sensibility (ratio of a signal to a noise) that a 
ligation reaction and a compatibility reaction are not influenced by the electrolysis reaction which occurs 
on activity DC electrode surface, although it is not what is limited to other consideration about a design 
and processing of a device — the property of matter compatibility, the specific binding matter, the 
continuing reactant, and the analyte — and the number of detailed-locations is overly contained. 
"- controllable and DC mode of functionality ~ it deflected to either [ which is operated in the direct- 
current mode (either continuation or a pulse) which influences one location of these devices, or free field 
electrophoresis transport from there or the sample solution in the specific join cementing material which 
carried out electrification in the format with overly controllable detailed electrode", a reactant, or the 
analyte, or can cause it ] forward or negative — a detailed electrode is overly meant. 
Within the limits of this invention, it does not depend for free field electrophoresis transport of a 
molecule on the electric field which are combined by the insulating material, or are restricted and made 
actually. It was required for the conventional electrophoresis separation technology for the electric-field 
train to be restricted by insulating (** -conductivity) material, or to be shut up. the case of free field 
electrophoresis transport — an electrification molecule — one either overly else [ a detailed location to ] - 
- it overly moves to a detailed location, or specific from a bulk solution — it overly moves to a detailed 
location. Therefore, the special arrangement or the special limit by the insulating material is not required 
for this mode of this invention. 

little about two addresses are possible for a device — super — a detailed location or about hundreds of 
thousands — many — it can design so that it may overly have a detailed location. Generally, many 
combinational devices which overly have a detailed location are processed using a micro lithography 
technique. Processing is performed on other suitable substrate ingredients like silicon or glass, a silicon 
dioxide, a plastic, or ceramic material. The design of such micro electronics "a chip" is the large-scale 
array or compound analysis device taken into consideration. A small number of device which overly has 
a detailed location or a macro location will be processed using a micro machine processing technique, 
the address is possible — a detailed location can also be made into which configuration and can overly be 
preferably made into circular, a square, or a rectangle. Size of a detailed location can also be made into 
which size, and preferably, it is submicron (- 0.5 micrometers) - number cm (cm), and it is overly the 
size with 100 micrometers - 10 most desirablemm to the device which 5 micrometers - 100 micrometers 
are the most desirable range, and produces using a micro machine processing technique to the device in 
which the address is possible, and which is produced using a micro lithography technique. Probably, 
electron beam lithography, ion beam lithography, or the technique like molecule beam epitaxy will be 
required in order [ being smaller than the resolving power of the micro lithography method ] overly to 
produce a detailed location. Although a microscope location is desirable to application of analysis and a 
diagnostic mold, and it does not limit, to application like electronic dispensing of biopolymer 
composition of a preparative isolation scale, sample preparation, and a reagent, the location in which the 
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bigger address is possible, or a macro-location (for example, larger than 5mm) is desirable, 
after overly producing a detailed location by using micro lithography and/or a micro machine processing 
technique — chemical modification and a polymerization reaction — or it is still more alike and a special 
adhesion layer and an osmosis layer are made using a micro lithography processing technique. 
These important layers isolate a cementing material from the surface of metal of an electrode, these vital 
structures — DC mode under each ** detailed location front face ~ super — a detailed electrode — a :(1) 
specific (electrification) cementing material — 1 — super- — a detailed location front face to others — 
super- — a detailed location front face ~ or specific from a bulk solution — whether free field 
electrophoresis transport in a detailed location is overly influenced or it can be caused and specific in;(2) 
specific-binding matter — to a detailed location in the format by which covalent bond could be 
condensed and carried out to the front face embellished overly specially [ a detailed location ], and a 
reactant and the analyte besides; (3) were controlled [ overly ] Or after making the specific binding 
matter adhere so that it may be conveyed from there, making it able to function actively in DC mode can 
be continued, and it can avoid carrying out an adverse effect to;, (4) electrochemical reaction and a 
ligation reaction with a product, or a compatibility reaction. 

I (a) Design parameter (micro lithography) the self-address processed using the micro lithography 
technique is possible for drawing 1 — the design development of a detailed location is overly shown. It is 
overly formed in the front face on three metal parts (12) as for which a detailed location (10), and (ML- 
1, ML-2, ML-3) have carried out deposition on an insulating material layer / substrate material, a metal 
part (12) — the lower part — it overly acts as detailed electrode structure (10). An insulating material 
isolates a metal part (12) mutually. Although it does not limit to an insulating material, a silicon dioxide, 
silicon nitride, glass, a resist, polyimide, rubber, plastics, or ceramic material is included, 
each which was made to form on the metal part (12) which produced drawing 2 with micro lithography - 

- the basic feature of a detailed location (10) is overly shown, the address is possible — the detailed 
location was formed on the metal part (12), and has overly incorporated the oxidizing zone (20), the 
osmosis layer (22), the adhesion layer (24), and the cementing material layer (26). For covalent-bond 
coupling of an osmosis layer, a metal oxide layer offers the base. The metallic oxide known by this 
contractor of surface coating chemistry, hydroxyl (independent or combination), and other ** can offer 
the covalent-bond part where an osmosis layer is built or supported from there. It is not by any means 
indispensable that the osmosis layer is carrying out covalent bond to the metal-electrode front face 
actually. Physical duplication of osmosis material expresses the exception method which is within the 
limits of this invention. 

by the osmosis layer, spacing offers between a surface of metal, adhesion, and a /cementing material 
layer ~ having — this — a solvent molecule, a small counter ion, and electrolysis reactant gas — from [ a 
surface of metal or there ] — since — it enables it to pass freely Although it does not limit to the osmosis 
layer material which can decrease disadvantageous effectiveness physically [ an electrolysis reaction ] 
and chemically, the iron complex to the oxidation reduction reaction prehension matter like palladium to 
H2, 02, and a peroxide can be included, the thickness of the osmosis layer of the device produced with 
micro lithography — about 1 nanometer (nm) - 100 micrometers (micrometer) can be most preferably 
made into the range of 2nm - 1 0 micrometers. 

By the adhesion layer, the substrate for the covalent bond of a cementing material is offered. 0.5nm - 5 
micrometers of thickness of the adhesion layer of the device produced with micro lithography can be 
most preferably set to lnm - 500nm. This osmosis layer and an adhesion layer can be made to form in a 
certain kind of case from the same **. The osmosis layer material of a certain kind which can be further 
activated for coupling of a cementing material is also included within the limits of this invention. 
Covalent bond of the specific binding matter is carried out to an adhesion layer, and it forms a specific 
binding matter layer. Ideally, this specific binding matter layer is usually the specific binding molecule 
of a monolayer. However, in a certain case, this cementing material layer can have several layers or 
multilayer tie molecules. 

A design of a certain kind and functional mode of an osmosis layer and an adhesion layer are directed 
with the property of physical (for example, size and a form) and a specific binding nature matter 
molecule. Moreover, they are overly continuously conveyed to a detailed location, and are directed to 
some extent by physical and chemical property of the reactant which will be combined with it, and an 
analyte molecule, without for example, an oligonucleotide cementing material causes loss of DC mode 
function — one mold — super — a detailed location front face — it can adhere — namely, this lower part - 

- in a detailed electrode, lower electrophoresis transport can overly still cause the free field 
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electrophoresis transport with other quick molecules from the front face to which the oligonucleotide 
affinity matter adheres, or there. However, when a big globular protein cementing material (for example, 
antibody) adheres to the front face of the same mold, they insulate a front face and can cause lowering or 
perfect loss of DC format function. Probably, suitable qualification of an adhesion layer must be 
performed so that the number of big cementing materials (for example, big globular protein) may 
decrease or between the cementing materials on a front face may be taken, 
super — spacing between detailed locations — the ease of production — overly desirable [ on the 
requirements for the detection power between detailed locations, and equipment ] — it is overly 
determined by the number of detailed locations, however, the point which can overly be operated on a 
perfect device field in any combination of a detailed location (overly [ Namely, the lower part ] detailed 
electrode) — setting — spacing of overly pinpointing between detailed locations — or the spacial 
configuration or structure of a detailed location is not overly required for a device function. Or it is not 
actually required to confine a device or overly to isolate a detailed location thoroughly by the dielectric 
or insulating cutoff material,, either. This is because a specific molecule is moved selectively, and the 
pattern or dielectric boundary of the compound electronic field does not need to dissociate and does not 
need to fix or orient in one of inter-electrode space, or a medium. As for a device, this is attained by 
[ with the address possible for a specific binding molecule, the continuing analyte, and a reactant ] 
overly adhering to the front face of a detailed location. With the driving force of free field 
electrophoresis, transport in a detailed location is overly offered from quick and direct; of which 
electrification molecule between one on a device of locations, and a total location, or a bulk solution. 
However, what the device is probably surrounded for for the fluid container and the biohazard object 
must point out. 

the number of detailed locations overly increases exceeding hundreds of pieces — alike ~ following — 
this — the complexity of the lower circuit of a detailed location overly also increases. In this case, the 
grouping pattern of a detailed location must overly be changed, and air clearance must also be made to 
increase-like [ proportionally ], or a double layer circuit can be produced to a basic device, 
the address was carried out by the specific binding matter — super — a detailed location — in addition, 
the ** -analysis which offers other functions — the detailed location and the macro location are overly 
included in this device — I will come out. these — a reagent can overly be saved using a detailed location 
or a macro location, a reactant, the analyte, or a cell can be saved temporarily, and it can use as a 1 -time 
activity unit for other inhibition components in; and the reactant of an excessive amount, the analyte, or 
a sample (namely, a reagent dispensing system and a sample preparation system), other non-ADORUSU 

— the address of the detailed location was overly carried out — super — a detailed location — combining 

— using it — these ~ specific — the reaction produced [ overly ] in a detailed location can be acted or 
influenced, these — a detailed location is overly added to the activity between devices and in a device, 
and the both sides of control. It is also overly possible in a detailed location to interact and convey in this 
way between two devices which separated. The device which loads an actuation device by the cementing 
material or reactant from a preservation device, the device of sample preparation, and the device which 
copies and reproduces a device are offered by this. 

Drawing 3 shows the device of the matrix type in which the 64 addresses are possible and which overly 
contains a detailed location (30). They are 64 designs with an overly simple detailed location device. It 
fits in with a standard micro electronics chip packaging component. This device is produced on an 
abbreviation l.Scmx 1.5cm silicon chip substrate in 64 750micrometerx750micrometer central fields 
which overly contain a detailed location. Each ** detailed location (32) is overly 2 a neighboring 
detailed location and 50 neighboring micrometers of abbreviation from which it is separated 50 
micrometers, each lower part of each — the connection circuit overly for detailed electrodes is running 
the outside periphery (lOmmxlOmm) of the metallic contact pad (300micrometer2) (34). The inside 
periphery which rose can be formed between the field which overly has a detailed location, and a contact 
pad, and forms the mold cavity which can hold the sample solution of about 2-10microl. Being able to 
mount a "chip" into a standard KUADO package, a chip contact pad (34) wires the pin of this KUADO 
package. The system containing the chip exceeding 1 , the further packaging, and a circumference 
component can be designed so that it may deal with the problem relevant to addition of a clinical 
diagnosis, i.e., the sample matter, migration of a fluid, and the containment of the biohazard matter. 
Subsequently, the chip which carried out packaging is connectable with the microprocessor control DC 
power supply source and multimeter instrument which can control and operate this device. It is meant by 
this invention that incorporation of three sorts of basic components which will be pinched substantially 
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is probably eventually included in device manufacture (before addressing), annealing of; micro 
electronics detector with which annealing of; sample which the basic chip device with which a 
cementing material adheres to it has in the mid-position, and which will come out and exist, or the fluid 
container component is carried out on the top-most vertices of a basic chip device and which will come 
out and exist, and the external controller component is carried out to the pars basilaris ossis occipitalis of 
a basic chip device « I will come out. The problem of a large number relevant to a production technique 
and matter compatibility is solved by this strategy. 

I (b) The micro lithography producing method I (b) and (1) making process A general micro lithography 
technique or a general photograph plate technique can be used for production of a huge number of small 
compound "chip" mold devices which overly have a detailed location. 

Although a complicated photograph plate technique is not required for production of a device, special 
consideration is just required for the requirements of operating an electronic device effectively in 
selection of **, and a water solution. 

64 pieces shown in drawing 3 — a detailed location device (30) is overly producible relatively using a 
simple mask design and a standard micro lithography technique. Generally, substrate material is a with a 
l-2cm thickness [ 0.5 micrometers in the silicon wafer of 2, or thickness ] chip. A silicon chip carries out 
protective coat formation first on the silicon-dioxide (Si02) insulation coat with a thickness of 2 
micrometers applied by plasma heating chemistry steamy deposition (PECVD). 
In degree process, the deposition of the 0.2-0.5-micrometer metal layer (for example, aluminum) is 
carried out by vacuum evaporation. Moreover, the deposition of the metal can be carried out with a 
sputtering technique. In addition to aluminum, the combination of gold, silver, tin, titanium, copper, 
platinum, palladium, the Pori silicon, carbon, and various metals is included in the suitable metal and 
suitable ingredient for a circuit. The special technique made to stick suitably for insulating-substrate 
material (Si02) is used with a different metal. For example, for circumference contact pads, aluminum 
and for link circuits, the Pori silicon, a different metal, and other ** can be used for the conductive 
component with which devices differ so that noble metals (gold or platinum) may overly be used for 
detailed electrodes. 

Subsequently, protective coat formation of the chip is carried out by the photoresist (SHIPURE 
(Shipley), micro POJITTO AZ1350J) of forward electrification, and by the circuit pattern, a mask (** 
place (light field)) is carried out, it exposes, and negatives are developed. This resist that carried out the 
photograph dissolution is removed, and exposure aluminum is etched. The island of a resist is removed 
leaving an aluminum circuit pattern on a chip shortly, to this, the outside periphery of the metallic 
contact pad, a connection circuit (wiring), and the address are possible — it is overly offered as a lower 
substrate of a detailed location — the central array of a detailed electrode is overly contained. 
If PECVD is used, subsequently protective coat formation of this chip will be first carried out by 0.2- 
0.4-micrometer SiO two-layer in a 0.1-0.2-micrometer silicon nitride (Si3N4) layer, subsequently, a chip 
— a forward photoresist — covering — a contact pad — and a mask is overly carried out to detailed 
electrode locations, it exposes, and negatives are developed, the resist which carried out the photograph 
dissolution ~ removing — Si02 and four layers of Si3Ns — etching — an aluminum contact pad — and a 
detailed electrode is overly exposed. Subsequently, if a surrounding island resist is removed, a contact 
pad and while connection wiring between detailed electrodes had overly been insulated by Si02 and 
four layers of Si3Ns, it will remain. 

Si02 and four layers of Si3Ns offer a property important for the functionality of this device. The second 
SiO two-layer offers the better sealing nature with an aluminum circuit contacted and improved. 
Moreover, it can also insulate and seal using resist material. Drilling of the circuit by the electrolysis 
effect operation at the time overly of the detailed electrode carrying out actuation open is prevented by 
this. It uses as the last surface which covers Si3N4. Because, the reagent and it which are used overly for 
embellishing a detailed electrode surface adhering to the specific binding matter and continuing are 
because reactivity is notably low. 

I ((b) 2) An osmosis layer and adhesion layer formation process At this event, the detailed electrode 
location is overly ready for embellishing with the osmosis layer and adhesion layer on a device which 
were specialized. This is the important mode of this invention. The object is overly producing the 
adhesion surface layer which has the medium osmosis layer and the optimal joint property of having an 
alternative diffusion property on a detailed electrode. 

The optimal, since the specific binding matter adheres, this adhesion layer has the functionalization 
location of 105-107 per mum2. adhesion of the specific binding matter — the lower part from organic- 
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functions-izing — do not protective-coat- form or a front face must not be insulated so that a detailed 
electrode may overly be protected, an organic-functions-ized device — the active metal of a certain 
fraction (- 5% thru/or 25%) — it is required for a detailed electrode surface overly to be still able to 
approach a solvent (H20) molecule, and for diffusion of a counter ion (for example, Na+ and C1-) and 
electrolysis gas (for example, 02 and H2) to arise. 

Moreover, it is designed so that diffusion may also produce a medium osmosis layer. In addition, this 
osmosis layer must overly have the pore marginal property of checking or blocking a big cementing 
material, a reactant, and the analyte, from the physical contact to a detailed electrode surface, an osmosis 
layer overly differs from the cementing material of a detailed location physically — active — the detailed 
electrode surface is overly maintained. 

Although the electrolysis reaction which electrophoresis transport takes can overly be produced on a 
detailed electrode surface by this design, the disadvantageous electrochemistry effectiveness over a 
cementing material, a reactant, and the analyte is avoided. 

Moreover, an osmosis layer can also design the harmful matter (H2, 02, free radical, etc.) generated at 
an electrolysis reaction so that the SUKYA benzo**** matter may be included. The sub-layer of an 
osmosis layer can be designed for this object. 

An osmosis layer is producible using various designs and a technique. (1 "a loan (Lawn)"), (2) "a mesh 
(Mesh)", and :(3) "porous (Porous) ones" structure are included by general design. 
Making a linear molecule or a polymer arrange perpendicularly from a surface of metal is included in a 
loan mold osmosis layer by the approach similar to the grass which grew thick. Such structures can be 
formed by making the hydrophobic molecule of a line or polymer nature adhere to a surface of metal 
directly, having the minimum bridge formation between vertical structures. Ideally, these hydrophobic 
linear molecules are 2 functional-group molecules which have one end suitable for carrying out covalent 
bond to a metal pad, and one more end suitable for the covalent bond of a cementing material. 
The irregular array of the polymer nature child who forms the mesh Mr. structure of having the average 
pore size determined with extent of bridge formation is included in a mesh mold osmosis layer. 
Although such structures are not limited, a polymerization is carried out and they can be formed by the 
hydro gel mold material like polyacrylamide, agarose, other biological material that can construct a 
bridge, and abiosis study-material. 

Although it does not limit to a pore mold osmosis layer, the activity containing a polycarbonate, 
polysulfone, or glass material of ** in which the top-most vertices on the front face of a layer to a metal 
pad can form a channel or a hole directly is included. In all cases, the surface of metal must be fixed 
physically [ this osmosis layer ] or chemically, and-izing must be able to be carried out [ organic 
functions ] so that the functional group may be included or a cementing material can adhere to the front 
face. 

the metal which uses aminopropyl triethoxysilane (APS) for the one desirable approach of producing 
loan mold structure — induction-ization of a detailed electrode surface is overly included. APS reacts 
easily with an oxide and/or hydroxyl on a metal and a silicon front face. APS is a primary-amine radical 
for share coupling which a cementing material follows, and combines an osmosis layer and an adhesion 
layer. By the surface binding site, APS produces high organic-functions-izing (namely, many primary 
amines) of level, and organic-functions-ization to which organic-functions-izing of medium level and 
Si3N4 front face were dramatically restricted on the Si02 front face relatively on the aluminum front 
face which oxidized slightly. 

An APS reaction is performed by processing all device (for example, chip) front faces for 30 minutes at 
50 degrees C with 10%APS solution in toluene. Subsequently, this chip is washed in toluene and ethanol 
and, subsequently it dries at 50 degrees C for 1 hour, this — a detailed electrode surface of metal is 
overly organic-functions-ized by many primary-amine radicals (105-106/micrometer2). this time, the 
cementing material was induction-ized — covalent bond can overly be carried out to a detailed electrode 
surface. It can be increased by the depth of this "loan mold" osmosis layer by using a polyoxyethylene = 
screw (amine), a screw (polyoxyethylene = screw (amine)) and other polyethylene glycols, or the same 
compound. 

The APS method often acts on adhesion of an oligonucleotide cementing material. Drawing 4 shows the 
device in which a 3'-end aldehyde induction-ized oligonucleotide (40) is made to adhere to an APS 
organic-functions-ized front face (42). Although this expresses one approach, other various approaches 
which form an osmosis layer and an adhesion layer are possible, these — the base electrode itself — :(1) 
base — ; (2) which forms a secondary metal layer by overly carrying out electroplating to a detailed 
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electrode — the activity of self— assignment addressing by overly forming an osmosis layer by the 
electric polymerization to a detailed electrode location, or forming the osmosis layer and the adhesion 
layer which overly convey an activation polymer and a reagent to a detailed electrode surface according 
to (3) free-field electrophoretic process, and continue is included. 

A design and production of an 1(c). micro machine processing device This section indicates how a 
device is produced using micro machine processing techniques (for example, punching, grinding, etc.) or 
a non-lithography technique, generally, these devices are relatively bigger than what is produced by 
micro lithography — it overly has a detailed location (> 100 micrometers). These devices can be used for 
application of the preparative isolation mold like analysis application and biopolymer composition, 
sample preparation, a reagent dispensing machine, a preservation container, and disposal. The location 
in which big ADORUSU is possible is producible in a three-dimensions format (for example, tubing or a 
cylinder) in order to carry a lot of cementing materials. This device is producible using various ** which 
include plastics, rubber, silicon, glass (overly [ For example, ] detailed channel and micro capillary tube 
etc.), or the ceramics, although it does not limit. Low fluorescence material is ideal by analysis 
application. In the case of a micro machine processing device, a connection circuit and big electrode 
structure can be printed on ** using the standard circuit board printing technique known by this 
contractor. 

the address is possible — a detailed location device can overly be produced comparatively easily using a 
micro machine processing technique, drawing 5 — 96 pieces — it is overly the mimetic diagram of a 
detailed location device. It produces from suitable ingredient base material (2cmx4cmxlcm) by 
punching these 96 holes (diameter of 1mm) that the detailed location device overly took the balance 
through **, and vacated spacing. An electrode circuit board (52) is formed on the plastics material base 
material of the thin sheet which overly fits into the top face of a detailed location component (54) at 
accuracy. Each wiring (printed circuit) in each ** detailed location (55) is included on the underside of a 
circuit board, short platinum-electrode structure (- 3 -4 mm) (62) — each — it is designed so that it may 
overly extend to a detailed location chamber (57). This printed circuit wiring is covered with the suitable 
waterproof insulating material. It converges on a socket and, thereby, printed circuit wiring is connected 
to a compound switch controller (56) and DC power supply source (58). The device is selectively 
immersed into a common buffer-solution reservoir (59), and operates in it. 

the inside of the device produced with the microphone IROMA scene processing technique and the 
micro lithography technique — although the main function of a detailed location is overly the same, 
those designs differ, the device produced with micro lithography — setting — an osmosis layer and an 
adhesion layer — a lower metal ~ it overly forms directly on a detailed electrode. In the device produced 
with the micro machine processing technique, the osmosis layer and the adhesion layer are physically 
separated from each metal-electrode structures (62) of those with each chamber or the buffer solution in 
a container (57) (refer to drawing 6 ). In a micro machine processing device, this osmosis layer and an 
adhesion layer can be formed using the gel of an organic- fimctions-ized hydrophilic property, the film, 
or other suitable porous material. 

Generally, the range of the thickness of the united osmosis layer and an adhesion layer is 1 0 micrometers 
- 30mm. For example, the thing (- 0.5mm) of each each in a device selectively filled up with a detailed 
location chamber is overly made using 20% - 35% of polyacrylamide (it has poly lysine 0.1%) 
qualification hydrophilic-property gel. Such gel concentration forms the ideal osmosis layer which has 
2nm - lOnm of pore limitations. The primary-amine functional group for the adhesion which the specific 
binding matter follows is offered by the poly lysine incorporated in gel. By this type of gel osmosis 
layer, an electrode can be actively operated in DC format. Although a small counter ion lets a gel 
osmosis layer pass through it when an electrode is activated, a big specific binding matter molecule is 
condensed on an outside front face. They carry out covalent bond to the outside layer of a primary 
amine, and this serves as an adhesion layer efficiently here. 

Another technique for formation of an osmosis layer and an adhesion layer is including in the base of 
each ** detailed location chamber at a porous film ingredient. Subsequently, a membranous outside 
front face is induction-ized by the chemistry functional group, and an adhesion layer is made to form. A 
suitable technique and suitable ** to perform this approach are known by this contractor. 
There never are not a design of both micro lithography and a micro machine processing device and the 
above-mentioned publication about production what means limiting other deformation of a basic device 
or a gestalt. It can consider as many deformation of the device which overly has a detailed location in 
which the address of a large number or a fraction is more possible or the combination of a device, 
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different analysis, and application of an aliquot. Deformation of the device which has the location in 
which the bigger address is possible can be designed to application to the biopolymer composition for 
preparative isolation, sample preparative isolation, a eel sorting system, the Inn SAICHU hybridization, 
reagent dispensing, a conservative system, and abolition processors. 

II. Self-assignment addressing of a device The device of this invention can carry out the self-address of 
each ** detailed location electronically by the specific binding matter, the device of the electrification 
specific binding matter itself is specific — the haulage to a detailed location is overly influenced directly, 
or it is caused. Generally the cementing material is organic-functions-ized so that it may react to an 
adhesion layer easily and may carry out covalent bond to it. a device is specific without needing a until 
external process, a device, or an instrument to some extent — the specific binding matter is oriented and 
spotted physically, or is overly installed in a detailed location. This self—addressing process is quick and 
specific, and can be performed in a continuation format or a parallel format. 

The address of the device can be continuously carried out by the specific binding matter by [ which 
chose it as the charge (potential) of objection of the thing of DC mode and the specific binding matter ] 
overly maintaining a detailed location, a cementing material should be carried when a cementing 
material has net negative charge — a detailed location will overly just be deflected. Reversely, the 
cementing material of a negative charge which overly just carried out electrification using the detailed 
location will be carried, continuation addressing — the charge (objection [ as opposed to / overly / The 
address is carried out. / a detailed location ]) of the objection to the remaining selection in process 
which overly deflects a detailed location — all — others — overly deflecting one detailed location (or 
other electrodes) with thing [ of the group restricted to the charge of the thing; objection which overly 
deflects a detailed location / for which a detailed location is overly deflected ];, or a reverse charge is 
included. Although the thing which exceed 1 or it with a reverse charge in a certain case and for which a 
detailed location is overly deflected strongly is desirable, probably, a detailed location has the overly 
desirable thing of other groups made to deflect weakly, according to this process, while [ remainder ] 
overly carrying out the address of the detailed location, it should protect — the address of the detailed 
location can overly be carried out beforehand, the case where there is no cementing material in the 
attachment site on a joint location superfluously — everything but one piece ~ specific [ influence / 
overly / only a detailed location and ] — free field electrophoresis haulage can overly be carried out to a 
detailed location, the specific binding matter can be promptly carried through a bulk solution, and it 
carries out covalent bond to the special front face of an adhesion layer promptly — specific — it can 
overly condense directly in a detailed location (group). It depends for a haulage rate on the size of a 
cementing material, a charge, the electrical potential difference used [ overly ] between detailed 
locations, and the level of a current. Generally, a haulage rate can be made into the range for several 
minutes from several seconds, specific — the capacity which overly condenses a cementing material, a 
reactant, or the analyte (72) electronically on a detailed location (72) is shown in drawing 7 . all — others 
— between specific binding matter addressing processes, a detailed location can be protected and it can 
overly leave it with un-acting. any unreacted matter is specific ~ it is removed by overly carrying out the 
polarity of a detailed location reversely, and carrying out electrophoresis of it to an abolition location, all 
requests — this cycle is repeated until the address of the detailed location is overly carried out by those 
specific binding matter, drawing 8 is specific at a specific oligonucleotide cementing material (82, 84, 
86) — the continuous process for overly carrying out the address of the detailed location (81, 83, 85) is 
shown. 

the same specific binding matter is conveyed and condensed at the parallel process which overly carries 
out the address of the detailed location, and 1 is exceeded at it — specific « one thing for which a 
detailed location (specific radical) is overly activated simultaneously is included so that it may overly 
react with a detailed location. Continuing parallel processing is the same as that of a continuous process. 

III. Application of a device If self-ADORUSU of the device is carried out by the specific binding matter, 
a reaction and analysis two or more processes of various molecular biology molds and compound can be 
performed on a device. The device of this invention offers electronically the active and dynamic control 
on many important reaction indexes. By this electronic control, a new physical device is guided to the 
reaction currently controlled, and a reaction rate, singularity, and sensibility are improved notably. The 
improving point in these parameters generated from device capacity is based on concentration of the 
transport; (2) reactant with overly quick reactant to a detailed location or analyte or analyte containing 
the specific binding matter which carried out :(1) adhesion, specific — super — lifting [ of a reaction rate 
with the specific binding matter on a detailed location front face ]; (3) — it is overly electronic control 
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and a direct operation of the strict nature of unreacted and clearance [ from a detailed location / of a 
nonspecific joint component / quick and alternative ];, and (4) optimum-coupling conditions. 
Although the device with which the self-address of this invention was carried out is not a reaction and 
the thing of which approach; definition is done various two or more processes formed [ overly ] into the 
detailed format, and/or compound : DNA of the - conventional format, an RNA hybridization process, 
and analysis; 

For example, adhesion target DNA / probe DNA, adhesion probe DNA / target DNA, adhesion 
prehension DNA / target DNA / probe DNA; 

- The plurality or compound hybridization reaction of both formats of continuation and parallel; 

- A restriction fragment and general DNA/RNA fragment size analysis; 

- A molecule biological reaction, for example, a restriction enzyme reaction, and analysis, a ligase 
reaction, a kinase reaction, and DNA/RNA magnification; 

- The antigen / antibody reaction containing large or a small antigen and hapten; 

- Diagnostic assay (the Inn-SAICHU hybridization is included), for example, hybridization analysis, a 
gene analysis, fingerprint printing, and immunodiagnosis; 

- Sample preparation, sorting of a cell, selection, and analysis; 

- Living thing molecular binding method (namely, the covalent bond and the noncovalent bond indicator 
of the nucleic acid in the reporter radical which includes fluorescence, a chemistry luminescent ** 
colorimetry radical (colorimetric), and radioisotope, an enzyme, protein, or an antibody); 

- Combination composition of biopolymer composition, for example, an oligonucleotide, or a peptide; 

- composition of a water-soluble composition polymer, for example, a hydrocarbon, and a line — 
polyacrylic acid; 

In a row - macromolecule molecule, nano structure (particle and structure of nano meter size) 
composition, and production can be performed promptly. 

Ill (a) Nucleic-acid hybridization Nucleic-acid hybridization was used as main examples of this 
invention. Because, it is because the importance in those diagnoses and the property of the joint 
(compatibility) reaction of a difficult mold that it exceeds 1 are expressed. This is the right especially 
when performing it in the compound format which requires the strict conditions from which each 
hybridization reaction of each differs. 

By the device and approach of carrying out an application for patent, nucleic-acid hybridization can be 
performed in the former and new various formats, the capacity of the device which controls a reaction 
parameter electronically — nucleic-acid hybridization analysis and especially electronic strict control 
(ESC) — each each on an array — a detailed location is overly presented. 

"Nucleic-acid hybridization" The becoming word means including all the hybridization reactions 
between the nucleic acid of all the nature that includes a deoxyribonucleic acid (DNA), a ribonucleic 
acid (RNA), a polynucleotide, and an oligonucleotide, and synthetic gestalten, and a nucleic-acid 
derivative. 

The conventional high BURIZESHON format like "dot blot" hybridization and "sandwiches" 
hybridization can be held by the array or matrix type of the device which carries out an application for 
patent, and a large scale. 

As an example, the APEX device for DNA-hybridization analysis is designed and produced, and it uses 
by the formula as follows. The array of a detailed location is overly first manufactured using a micro 
lithography (or micro machine processing) technique. It overly depends for the number of detailed 
locations on the final application in which the address on an array is possible. The self-address of this 
device is promptly carried out to a specific oligonucleotide group in a continuation format. In this case, 
although a specific oligonucleotide is a 3'-end aldehyde organic-functions-ized oligonucleotide of the 
range of 6 serious-condition - 1 00 serious condition, it can adhere a still longer polynucleotide by 
request, an aldehyde functional group is specific ~ a detailed location adhesion front face can be made 
overly to carry out covalent bond (refer to drawing 4 ) The specific oligonucleotide of this group is 
easily compoundable on the DNA synthesizer of the former which used the conventional technique, the 
hole with which ribonucleotide control of the composition of each specific oligonucleotide was carried 
out — it starts from a glass (CPG) base material. In this way, ribonucleotide contains in a 3'-end location, 
and subsequently, after this is compounded and refined to an end dialdehyde derivative, it is easily 
converted by periodate oxidation. The aldehyde containing an oligonucleotide (40) will overly react 
easily with the primary-amine functional group on a detailed location front face according to the CIF 
(Schiff) base reaction process. 
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Electronic addressing of a specific oligonucleotide and a device is shown in drawing 8 . the 1 st is 
specific — while addressing of a detailed location (ML-1) (81) and its specific array oligonucleotide 
(SSO-1) (82) overly maintains specific microelectrode (ML-1) to forward DC potential — all — others — 
it attains by maintaining microelectrode to electronegative potential ( drawing 8 (A)). Free field 
electrophoresis of the aldehyde functionalization specific array in the aquosity buffer solution (SSO-1) is 
carried out to ML-single address, and shortly after it condenses it there (> 106 times), covalent bond of it 
is carried out to the front face of ML- 1(81). all — others — the detailed electrode is maintained by 
negative, and is overly still protected or intercepted from the reaction with SSO-1 array (82). 
subsequently, ML-1 potential — negative — it reverses to (-) — making — ****-- a gap — un — 
electrophoresis also of processing SSO-1 is carried out to an abolition system, a cycle ~ all requests — 
until the address of the detailed location is overly carried out in those specific DNA arrays — SSO- 2 
(84) - ->ML- 2 (83) and SSO- 3 (86) - ->ML- 3 (85) and SSO-n - ->ML-n is repeated ( drawing 8 
(D)). 

Another approach of carrying out the address of the device is conveying the specific binding matter like 
a specific oligonucleotide from an electronic reagent supply device. This supply device holds the 
cementing material or reagent of a large quantity, and will be used for carrying out the load of the 
analytic device. The cementing material will be electronically conveyed between two devices. By this 
system, the complicated fluid delivery system between the devices in my KUROBI pet addition and a 
device solved, and the need for physical actuation was lost. 

another approach is specific to the pan which carries out the address of the device ~ it is overly 
performing combination composition of a specific oligonucleotide in a detailed location. A next section 
indicates combination composition. 

Even after carrying out the address of the device in a specific DNA array, it is important that a detailed 
electrode overly continues [ the detailed location bottom ] being [ overly ] an independent actuation 
nature direct-current (DC) electrode on an array device, the lower part — since it is made to adhere to an 
electrode surface so that it may not insulate overly chemically [ a detailed electrode ] or physically, this 
is possible. Each ** detailed electrode is overly in a detailed location front face, and each ** detailed 
electrode can still make a strong direct current required for free field electrophoresis transport of other 
electrification DNA molecules from there. In this way, electronics control of the DNA array device is 
thoroughly carried out over the reaction which all the modes of DNA hybridization and which others 
follow. 

An example of the hybridization process controlled electronically is shown in drawing 9 . in this case, 
each address is possible — a detailed location overly has a specific prehension array (90). ** which gives 
the sample solution containing Target DNA (92) to this device, all — a detailed location is overly 
activated — having — this — Sample DNA is overly condensed in a detailed location ( drawing 9 (B)). 
When the target DNA molecule from diluted solution overly came to be condensed by the detailed 
location at high concentration, hybridization can be carried out to the specific complementary DNA 
array on a front face very promptly. Although all the ** -hybridization DNA was overly repelled from 
the detailed location when detailed electrode potential was made overly to ******, Target DNA has 
hybridized ( drawing 9 (C)). In the same format, the complex which was made to hybridize a reporter 
probe and was hybridized at the continuing process is detected. 

The detection which a target DNA molecule follows is improved by electronic control of a hybridization 
process improving the whole hybridization effectiveness, and removing **-specific DNA from a 
detailed location field. It is expected that the target sequence of 1 0,000 to 1 00,000 copy is detectable in 
** -magnification genomic DNA. Under an isothermal condition with this type of hybridization reaction 
quite lower than Probe Tm; it can carry out less than [ several minutes or it ] by the minimum external 
actuation (that is, the conventional washing process is removed thoroughly). 

Having the target DNA fixed on the front face and making a specific probe hybridize subsequently to 
these targets DNA are included in the usual format of another DNA-hybridization assay. Either of the 
targets DNA from whom the same target DNA of two or more locations or a specific location differs can 
be included in this format. Drawing 10 shows the improvement version of this continuation 
hybridization format. In this case, the address of the detailed location (101-107) is overly carried out by 
different prehension DNA. HAIZURIDAIZU [ these / an oligonucleotide / a specific different array and 
a specific different continuation format ] (108 109). one by one, a detailed location is just deflected, and 
a molecule is conveyed to itself and, subsequently to negative, it overly deflects it — making — this 
molecule — the following — it overly conveys to a detailed location, although the DNA probe hybridized 
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specifically overly remains in a detailed location in suitable electrode potential — a ** -hybridization 
probe » a degree — it is overly conveyed to a detailed location. The indicator of the array specific 
oligonucleotide probe can be carried out by the suitable reporter radical like a fluorescence 
chromophore. 

The device which carries out an application for patent can offer electronic strict conditions. Strict control 
is required for hybridization singularity, and important for especially decode of a little salt radical 
mispairing in point mutation. Drawing 1 1 shows how electronic strict control can be used for a little salt 
radical mispairing analysis. Electronic strict control is applicable also to analysis of two or more-base- 
mispairing. In drawing 1 1 (A), the perfect involution DNA hybrid (1 10) is slightly more stable than a 
mispairing DNA hybrid (112). It is possible to hold a perfect involution DNA hybrid, denaturalizing or 
removing this mispairing DNA hybrid by making negative overly deflect a detailed location ( drawing 
1 1 (B)), and passing to the time amount which had the electrophoresis power of the specified quantity 
indicated ( drawing 1 1 (C)). Drawing 15 is comparing the result of the electronic hybridization process 
using electronic strict control, and the conventional hybridization process. G of 15 serious condition and 
A point mutation probe about Rasl2 oncogene mutation are contained in hybridization. The result of 
electronic hybridization shows the hybridization effectiveness improved notably and the very big 
discernment ratio about a little salt radical mispairing exceeding a conventional method. 
In the further improvement, the device which carries out an application for patent presents with the strict 
control according to individual each specific hybridization reaction produced on this device. In 
effectiveness, each hybridization is an independent reaction. It is impossible to attain the strict nature 
optimal about all the hybridization events produced in the same hybridization solution in a former or 
passivity array format. However, the active array device of this invention can offer electronic strict 
nature which is overly different in different hybridization in a detailed location, even when they arise in 
the same bulk hybridization solution. This is contributing to conquering sequencing (SBH) by the 
conventional matrix or the array hybridization format, and the hybridization format, and the limitation of 
other compound analysis by birth. 

improving the singularity (namely, discernment ratio) and (detection of single point mutation — like) 
sensibility of hybridization — in addition, the usual oligonucleotide out of range can be used for these 
application by electronic strict control. It is thought by the conventional hybridization method that the 
oligonucleotide of the range of 8 serious-condition - 21 serious condition has possible point mutation 
detection. In the latest practice using the conventional hybridization method, the ORIKO nucleotide of 
10 serious-condition - 19 serious condition is most frequently used with these conventional methods 
using the temperature and salt concentration of strict control. Since an oligonucleotide shorter than 10 
serious condition was not able to be permitted in compound hybridization and the array shorter than; 8 
serious condition ran short of hybridization effectiveness, it became clear that even an activity was not 
considered. The long array exceeding 21 serious condition does not have ****** ? either. Because, it is 
because they have dramatically the discernment ratio between the probes of involution and mispairing 
only in a few. The capacity to identify the difference of the hybridization signal between involution and 
a mispairing probe declines notably as array length becomes long exceeding 21 serious condition, 
this invention persons discovered that the hybridization on the APEX device which has electronic strict 
control could be used also for the short (7 serious condition and thing below it) oligonucleotide of long 
(thing exceeding 22 serious condition and it) both by the very high discernment ratio. The short 
oligonucleotide array (7 serious condition or thing below it) has the advantage in sequencing (SHB) by 
hybridization. The array of short die length can be aligned with a small number of oligonucleotide (8 
serious-condition =65,536, 7 serious-condition =16,384, 6 serious condition = 4,096) which should be 
used about this SBH. If a long array (thing exceeding 22 serious condition and it) is used with electronic 
strict mutation analysis, sensibility is more high and alternative mutation analysis can be performed. By 
using a longer probe, high sensitivity can be offered in a very complicated DNA sample, and high whole 
hybridization effectiveness can also be offered. 

The Inn-SAICHU hybridization can be performed using an electric hybridization technique. Inn- 
SAICHU expresses a fundamentally different hybridization format of carrying out direct detection of the 
inside, although Target DNA (or RNA) is removed from a cell. Generally the Inn-SAICHU 
hybridization method is complicated and it is almost impossible to take time amount and to detect a 
short target sequence (namely, single point mutation). The Inn-SAICHU hybridization controlled 
electronically adheres to a direct cell on the activity front face of the device concerned, and can be 
performed on the APEX device to process (about a sample preparation technique, it is example 14 
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reference). However, this APEX device makes intracellular DNA hybridize a reporter probe 
electronically directly rather rather than it extracts DNA from a cell. If electronic strict control is used, 
the both sides of selectivity and sensibility will improve by removing most **-specific bindings and 
improving the whole hybridization effectiveness. Moreover, the capacity with which electronic strict 
control presents hybridization also offers the new device in which DNA hybridization is detected, 
without using a reporter radical indicator DNA probe. It offers an approach to detect the hybridization 
process itself still more directly. A fluorochrome detection process is shown in drawing 12 , and it 
indicates in the examples 4 and 6. The direct detection of a DNA hybrid can be attained by using the 
DNA binding coloring matter like an ethidium bromide. Although this coloring matter is combined with 
the both sides of a double strand and a single stranded DNA, it has big compatibility by the former, in 
drawing 12 (B), the coloring matter (122) which just carried out the charge was deflected to negative — 
it is overly conveyed to a detailed location. This coloring matter is hybridized and (120) combined with 
the both sides of the DNA array of **-hybridization (121) ( drawing 12 (C)). 

overly just deflecting a detailed location and passing the power of the specified quantity predetermined 
time — this coloring matter molecule — **-hybridization it overly combines with a detailed location 
and is removed selectively. The suitable amount of currents which does not act to a DNA hybrid 
detrimentally can be offered. Subsequently, fluorescence detection of the hybridization DNA combined 
with the coloring matter molecule is carried out using association or an integrated optics system, 
by the device of this invention, a nucleic-acid hybridization reaction and a reaction are presented with 
the important advantage which the following repeats : the hybridization of Target DNA and/or the probe 
DNA array by which (1) dilution was carried out happens — specific — super — quick transport in a 
detailed location (group). This process can be caused in the range for 5-120 seconds. 

(2) the hybridization of Target DNA and/or the probe DNA array which were diluted happens — specific 
— super — concentration in a detailed location (group). Probably the concentration effectiveness exceeds 
far 1 million times (> 106) as many ** as this. 

(3) the hybridization of a **-specific binding target DNA array happens — specific — clearance overly 
quick from a detailed location (group). This process can be caused in the range for 5-120 seconds. 

(4) the hybridization of the complementary target DNA array which competes happens — specific — 
clearance overly quick from a detailed location (group). This process can be caused in the range for 5 - 
120 seconds. 

(6) Capacity that the hybridization reaction which a large number became independent of can be 
performed in several minutes. 

(7) Capacity that a hybridization process can be performed at an isothermal condition far lower than Tm 
of a probe and the minimum external actuation, or a washing process. 

(8) The activity of the electronic strict control (ESC) for removing a partial hybridization DNA array. 

(9) Capacity that hybridization analysis of the non-amplifying genome target DNA array of the 1 ,000 - 
1 00,000 copy range can be performed. 

(10) The activity of ESC for improving the discernment ratio (namely, resolution) and sensibility of 
single base mispairing hybridization (point mutation). 

(11) Capacity which can use one shorter (7 serious condition and thing below it) than what was used by 
the conventional hybridization method or of those long (thing exceeding 22 serious condition or it) 
single point mutation probes. 

(12) The activity of ESC for presenting matrix hybridization with each strict control. 

(13) Improve detection of the hybridization event by removing a **-specific background component. 

(14) Capacity that electronic Inn-SAICHU hybridization can be performed by the immobilized cell. 

(15) Development of the detection approach without the need of using the reporter probe or Target DNA 
which did the indicator in [ in order to detect hybridization ] share. 

Ill (b) Repeatability of a device carrying out addressing of the device of each [ the specific binding 
matter ] independently — in addition, it is also possible to produce the master device which can copy the 
specific binding matter to other devices. This expresses another approach of production of a device, or 
manufacture. The process of a device duplicate is shown in drawing 13 . The mass TATE vice by which 
the address was carried out in the specific binding array and which overly includes a detailed location is 
made to hybridize with each complementary DNA array (130). It activates and, so, these complementary 
sequences can overly carry out covalent bond to a detailed location adhesion layer. 
The non-address sister device (132) containing an adhesion layer was compared with the hybridized 
master device ( drawing 1 3 (B)). a master device — super — a detailed location — negative — deflecting - 
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-**** — a sister device — the detailed location is overly just deflected. It denaturalizes electronically and 
even the sister device in which an activation DNA array overly carries out covalent bond to a detailed 
location conveys a DNA hybrid ( drawing 13 (C)). Depending on the device structure where the cross 
talk between detailed locations is overly minimum-ized, this process can be performed by parallel or 
continuation. A hybrid can denaturalize applying sufficient negative potential or by using the chaotropic 
agent or modifier which just carried out the charge. 

Ill (c) A component device and accumulation APEX system An accumulation APEX system can be built 
combining many separate APEX devices or chips. Since the device of an APEX mold can perform the 
function in which many differ and can move a reactant by free field electrophoresis, it can develop 
integrated system. : (1) Sample preparation and a hybridization analysis system can be built combining 
the separate APEX device or the separate chip which joins together selectively, dissolves a cell, prepares 
(2) reagents electronically, performs (3) pre-hybridization, is made to act as a (4) abolition processing 
unit, and saves (5) DNA fragments, and performs (5) hybridization analysis (refer to an example 14 and 
drawing 19). These accumulation APEX microelectronics systems are equivalent to a perfect clinical 
analysis machine or a programmable molecular biology laboratory (namely, laboratory on a chip). 
However, in the point that it requires only the minimum fluid engineering of a sample, a reagent, and a 
reactant, or physical actuation, it is over automatic control (robotics) or other detailed analysis devices. 
Although it does not limit to the further mold of an accumulation APEX system, what can perform the 
Inn-SAICHU hybridization, a eel selector, a processor system, and an immunodiagnosis analyzer will be 
included. 

Ill (d) A detection system and reporter radical In the case of the ligation reaction containing a 
fluorescent-labeling reporter radical, in order to analyze a ligation reaction, the microscope detection 
system of an EPI fluorescence mold can be used on an APEX device. It depends for the overall 
sensibility of this system on the combined detection component (photon counting cooling charge 
coupled devices (CCD), enhancement charge coupled devices (ICCD), a microchannel plate detector, or 
photograph multiplication machine (PMT) system). As an exception method, a high sensitivity CCD 
chip detector or an avalanche photo-diode (APD) detector can also be combined with an APEX device 
still more directly. These systems will reduce the need for compound light study a little. Probably, opto- 
electronics incorporating an electronic sensing element is included in the system which furthermore 
progressed to the APEX chip. The both sides of optical and direct electronic detection of DNA are 
possible in these systems. Sandwiching an onboard controller component in a basic APEX chip 
component with a micro electronic detector ultimately will be included in the version which progressed 
most. The electronic and optical (waveguide) circuit will be directly produced through the pars basilaris 
ossis occipitalis of an APEX component. The problem of a large number relevant to the production 
technique for considering an APEX component as throwing away, ingredient compatibility, and cost 
efficiency is solved by this strategy. 

In addition to various fluorochromes and reporter radicals which can use a DNA probe, Target DNA, or 
an antibody for carrying out an indicator, the indicator or reporter radical of a mold besides; can also be 
used. A chemistry luminescence indicator, a **-linearity optical (frequency doubler) ingredient, a 
biotin / avidin complex, and various enzymes are included by these. 

Ill (e) Combination biopolymer composition The device of this invention can also perform combination 
composition of the biopolymer like an oligonucleotide and a peptide. According to this process, self- 
assignment can be compounded without completely needing external detection, effect, or machine 
motion. In order to perform actual composition in a microscope location, the physical motion with 
complicated micro robot pipetting system for physical protection and the compound photolithography 
method, and a reagent delivery or component is required for other processes of combination 
composition. Much arrays are dramatically compoundable on a device with the combination 
composition indicated to this invention. Using the free field electrophoresis for conveying and carrying 
out a delivery, condensing, making a monomer react, and carrying out coupling of the reagent in the 
detailed-detailed location in which the specific address on a device is possible, or deblocking a reagent is 
included in the fundamental concept of combination composition, the capacity of original [ concept / 
this ] of a device — using — an operation of a neighboring reagent and a reactant to others — a detailed 
location is overly protected electronically. 

Identification of the selection process in these chemosynthesis processes that are whether the reactant 
exceeding 1 or it carries out electrification to the net forward or negative or to make this reagent suitable 
for these processes is also important for this concept. 
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The one approach of combination oligonucleotide composition is shown in drawing 14 . this approach — 
one set — the address is selectively possible — super — a detailed location (140) — starting — this — the 
front face of a detailed location is overly induction-ized by the blocked primary-amine (X-NH-) radical 
(142). 

the charge deblocking reagent (144) was used for the first process in this process — alternative 
deblocking of a detailed location is overly included. In this case, probably, this reagent is charged in the 
forward (+) charge. This process is performed by [ that **(ed) - blocked / these ] overly applying 
negative potential to a detailed location, and overly applying forward potential to a detailed location, 
protect [ as ] ( drawing 14 (B)). applying forward and negative potential to a selection electrode — other 
requests which should be moved from a reagent delivery part, and should ** an electrification reagent, - 
should block it, overly eliminating the reagent from a detailed location — it overly condenses in a 
detailed location. 

only exposing a system to a phospho RUAMIDAITO reagent (x-C) (146) in the second process — the 
first base — in this case — the deblock of a cytosine — chemistry coupling to a detailed location is overly 
performed. (C) Although coupling is overly carried out to a detailed location front face, don't carry out 
coupling of the nucleotide to the blocked electrode surface which was **(ed) - blocked at all ( drawing 
14 (C) and (D)). The phospho RUAMIDO chemistry usual in this event is performed to the following 
**-blocking process. 

the — a 2 deblocking process — (— a location [ making negative the electrode location which should be 
carried out coupling, and having protected it by drawing 14 (D)) and the following base, ] is made 
forward, this time, this system was exposed to the following base which should be carried out coupling, 
and it **(ed) - blocked in this case (x-A) (148) — alternative coupling to a detailed location is overly 
attained ( drawing 14 (E) and (F)). each address of coupling and the **-blocking method is possible for 
all of different DNA arrays — it is repeated until it is overly compounded on a detailed location front 
face. 

The aforementioned example expresses one possible approach of nucleic acid biosynthesis. Perfect 
water solubility DNA synthesis is included in another approach. In this case, oligonucleotide 
composition is performed with a water-soluble nucleic-acid derivative using the water-soluble coupling 
agent like a 1-ethy 1-3 -(3 -dimethyl aminopropyl) carbodiimide (EDCA) which carried out electrification. 
Probably, this approach has the important advantage exceeding the technique based on the current 
organic solvent which requires extensive blocking of a base. The activity of many harmful matter more 
cheaply used at the process based on a current organic solvent of water-soluble composition will be lost. 
The activity of an electrification monomer and an enzyme is included in the third approach and re-water 
solubility composition. 

Ill ((e) 1) Oligonucleotide composition using terminal transferase Using nucleic-acid polymerase is 
included in this approach about combination composition of an oligonucleotide. This approach uses 
terminal transferase, 53 of - deoxyribonucleotide triphosphoric acid'-mono-phosphoric ester, and 
phosphatase. Coupling of the nucleotide is carried out using terminal transferase. This 3'-phosphoric 
ester acts as a blocking radical which prevents two or more nucleotides adding in each coupling process. 
For the following coupling process, 3'-phosphatase is used and 3'-phosphoric ester is removed. 
All reagents are water solubility, and since electrification is carried out, they can use an APEX technique 
general to all the processes of this combination synthesis method. In this approach, the APEX matrix 
which has A, T, G, and C nucleotide to which at least those 5'-hydroxyl was minded and the address of 
the suitable number on a device was carried out, and which have overly been connected with the detailed 
location is used. The first nucleotide is connected with a standard APEX address technique. 
The 1 st round of a coupling reaction is started by making negative deflect all the electronic two reagent 
dispensing [ which is made overly to just deflect a detailed location and subsequently contain the 3'- 
phosphoric ester of terminal transferase and deoxyadenosine triphosphoric acid ] machine by which 
coupling should be carried out to A nucleotide by the second place of the. this reagent is suitable — free 
field electrophoresis is overly carried out to a detailed location, and coupling of the A nucleotide is 
carried out to the first nucleotide by terminal transferase on a matrix. Since nucleotide triphosphoric acid 
is esterified by the phosphoric-acid radical at least by the 3\ terminal transferase adds one nucleotide 
simultaneously. 

after nucleotide coupling is completed — this — if a detailed location is overly deflected to negative and 
an abolition processor is just deflected, an enzyme and the consumed reagent will be removed, this 
process — all — it repeats between the 1st round coupling of G, C, and T nucleotide until coupling of the 
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detailed location is overly carried out. 

When the 1 st completeness round (A, T, G, and C) of coupling is completed, it makes negative deflect 
all the reagent dispensing machine that overly just deflects a detailed location and has a 3'-phosphatase 
enzyme. Free field electrophoresis of the 3 '-phosphatase enzyme is overly carried out to a detailed 
location, and it hydrolyzes 3'-phosphoric ester there. If phosphoric ester is removed, 3 f -phosphoric ester 
will remain and the coupling reaction of the next round will be ready. This coupling reaction is 
performed until a desired oligonucleotide array is completed on an APEX device. 
In addition to DNA synthesis, the same process can be developed into RNA biosynthesis, peptide 
synthesis, and other compound polymers. 

Ill (f) The molecular biology reaction and magnification reaction which were controlled electronically 
An APEX micro electron device and a chip can perform the various molecule biological reactions which 
include the linearity, an exponential increment, and magnification of Target DNA and an RNA 
molecule. 

Restriction enzyme cutting reaction and DNA fragment analysis can be performed under perfect 
electronic control. An increment and magnification reaction of the nucleic acid using an APEX device 
differ from other "DNA chip" devices for [ conventional ] the magnification approaches (PCR, LCR, 
etc.) which are passive detailed-matrix base materials fundamentally. The new device of magnification 
is directly produced from the active property of an APEX device. With an active device : Although 
denature a DNA hybrid selectively under temperature (heat melting temperature) far lower than (1) 
isothermal-reaction ****** and its Tm point, and;(2) 2 or it is exceeded, it is made to convey or move 
promptly forward and backward and; and (3) definition of the DNA are not overly carried out between 
detailed locations The unique electronic device in which one on a device of requests condenses overly 
selectively the DNA modification enzyme like restriction endonuclease, DNA or RNA polymerase, and 
a ligase in a detailed location is offered. The electronic increment in the target DNA by electronic 
connection and magnification; of the target DNA array by electronic magnification;(3) DNA and RNA 
ligase of the target DNA by the restriction enzyme cutting; (2) DNA polymerase to which the electronics 
target of a :(1) ds-DNA array pointed, and (4) RNA polymerase is included by the example of the 
molecule biological reaction which can be performed on an APEX device and which was controlled 
electronically, and magnification ******. 

Ill (g) Electronic restriction fragment analysis In addition to performing restriction enzyme cutting of ds- 
DNA, an APEX device and electronic techniques can be used for analyzing and measuring the relative 
size of a DNA fragment. This is possible when [ of each / DNA fragment / of different die length ] it can 
overly hybridize in the common prehension array on a detailed location. Or when it can hybridize in the 
prehension array from which the DNA fragment of different die length differs, the all have the same 
hybridization or binding energy. A different DNA fragment can be made to ** - hybridize selectively 
with the die length of those ** -hybridization arrays or a direct repeat in these cases using electronic 
strict conditions. The electrophoretic force on the fragment which has a long direct repeat makes them 
** - hybridize in front of the fragment which has a short direct repeat, in this way, the indicator of the 
fragment is carried out to detection, and it is specific ~ when the address is overly carried out to the 
detailed location, those sizes can be measured with the electrophoresis potential or power level which 
making it overly ** - hybridize from a detailed location takes them. Probably, it will also be possible to 
perform polymorphism analysis of equivalent electronic restriction fragment length. 
By referring to in the unrestricted example of the following related with manufacture and application of 
an APEX device, this invention is further indicated in a detail here. 

The formula of the buffer solution in the following examples, a solution, and a culture medium Jay 
Sambrook (J. Sambrook), I EFU flysch (E. F.Fritsch), and tee Maniatis (T. Maniatis) — "-- molecular 
cloning: — A laboratory manual (Molecular Cloning:A Laboratory Manual)" — the 2nd edition New 
York, the Cold Spring Harbor Laboratory press (Cold Spring Harbor Laboratory Press) company of a 
cold spring harbor (Cold Spring Harbor), It is indicated in 1989. 

IV. example example 1 : Composition and qualification of an oligonucleotide The synthetic DNA probe 
was produced on the applied biotechnology SUSUTEMUZU (Applied Biosystems) automatic DNA 
synthesizer using idiomatic phospho RUAMIDAITO chemistry. OIGOMA was designed so that either 
of the 5 f - amino or S'-ribonucleosides might be contained. Introducing a S'-functional group by using 
ABI amino link (Aminolink) 2 reagent, V functional group is RNA. It introduced by starting the 
composition from CPG exchange. A 3'-ribonucleotide end can be converted into end dialdehyde by the 
periodate oxidation method which reacts with a primary amine and can form a CIF base. 
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A reaction condition dissolves underwater the :20-30C.D. oligomer which is as follows to last 
concentration lOD/mul. The 0.45M sodium periodate (it newly prepares in water) of the 0.1M sodium 
acetate of 1 capacity, pH5.2, and 1 capacity is added. The reactant is agitated at the bottom of a dark 
place, and a room temperature for at least 2 hours, and it incubates. The load of the reaction mixture is 
carried out on the sephadex G-10 column (Pasteur pipette, 0.6x5. 5cm) which equilibrated by 0.1 M 
sodium phosphate and pH7.4. A 200micro ** 1 fraction is extracted, the spot of the aliquot of 2microl is 
carried out on thin-layer chromatography (TLC), and a (ultraviolet-rays UV) absorption fraction is 
saved. 

The following oligomer contains the 3 f -ribonucleoside end (U). : 
ET-12R 5' -GCT AGC CCC TGC TCA TGA GTC TCU 

CP-1 5 1 -AAA AAA AAA AAA AAA AAA AAU 

AT-A1 5'-CTA CGT GGA CCT GGA GAG GAA GGA GAC TGC CTG U 

AT-A2 5 ' -GAG TTC AGC AAA TTT GGA GU 

AT-A3 5 ' -CGT AGA ACT CCT CAT CTC CU 

AT-A4 5'- GTC TCC TTC CTC TCC AGU 

AT-A5 5 ' - GAT GAG CAG TTC TAC GTG GU 

AT-A6 5 ' - CTG GAG AAG AAG GAG ACU 

AT-A7 5'- TTC CAC AGA CTT AGA TTT GAC U 

AT-A8 5 9 - TTC CGC AGA TTT AGA AGA TU 

AT-A9 5'- TGT TTG CCT GTT CTC AGA CU 

AT-A10 5'- CAT CGC TGT GAC AAA ACA TU 

Generally the oligomer containing 5' amine radical reacts with the fluorophore like Texas Red (TR, 
590nm excitation, 610nm fluorescence). To a primary amine, reactivity of a sulfonyl chloride is 
dramatically high and it forms stable sulfonamide association. 

: which produces Texas Red-DNA conjugate as the following ~ the Texas Red sulfonyl chloride 
(molecular PUROBUSU (Molecular Probes)) was dissolved in dimethylformamide (DMF), and it 
considered as the last concentration of 50mg (80mM)/ml. Oligomer was dissolved in 0.4M sodium 
bicarbonate and pH 9.0-9.1, and it was referred to as last concentration lO.D./mul (21 serious condition 
5.4 mM(s)). In the minute test tube, oligomer lOmicrol and Texas Red 20microl were doubled. It was 
made to react under a dark place for 1 hour. The reaction was quenched by ammonia or the 
hydroxyl amine, the sample was freeze-dried, and PAGE refined (Sambrook et al. (Sambrook), 1989, 
above-shown). 

The 5'-amino terminus is contained in the following oligomer. : 
ET-21A 5' -Amino-TGC GAG CTG CAG TCA GAC AT 

ET-10AL 5'-Amino-Gi 

ET-aiAL 5'-Amino-C< 

T-2 5'-Amino-T' 

RC-A1 5'-Amino-Gi 

TAG 

RC-A2 5'-Amino-C r 

RC-A3 5 ' -Amino-G( 

RC-A4 5 '-Ami no -C r 

RC-A5 5'-Amino-C( 

RC-A6 5' -Amino-G 1 : 

RC-A7 5' -Amino-G*: 

RC-A8 S'-Amino-A': 

RC-A9 5 ' -Amino-G: 

RC-A10 5' -Amino -A: 
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example 2: the address is possible on the electronics target on the trial device which carried out micro 
processing — super- — the detailed location-poly lysine method The detailed location was overly 
processed from the minute capillary tube (0.2mmx5mm). The polymerization of the capillary tube was 
filled and carried out by the 1 8-26% polyacrylamide containing a 0. 1-1 .0% poly lysine. The unit was 
attached for the superfluous capillary tube, air foam was removed so that a trap might not be carried out 
into this tubing, and the die length of tubing was standardized. The up buffer-solution container with a 
common capillary tube was divided, and the capillary tube was mounted so that it might have each lower 
buffer- solution container. The platinum wiring electrode was contained in each lower buffer-solution 
reservoir. 

the address is possible in the up front face of the detailed capillary tube in an up reservoir — I thought 
that it was overly a detailed location. The upper part and a lower reservoir are filled with 0.1M sodium 
phosphate and pH7.4, using Biorad (BioRad) 500 / 1000 power feeder, it was fixed 0.05mA and play 
actuation was carried out for 10 minutes. It added with the pipet to the up reservoir which switched on 
the power source, and electrophoresis of about 2micro (0.1O.D.) of the periodate oxidation ET-12R 
prehension arrays n was carried out for 2 to 5 minutes with the fixed current. This ET-12R prehension 
array is condensed and covalent bond is overly promptly carried out to the primary amine of a detailed 
location front face. Subsequently, electrophoresis of the polarity was reversely carried out and carried 
out for further 2 to 5 minutes this time so that a trial capillary tube might be deflected by negative. 
Although DNA which carried out covalent bond overly remained in the detailed location, each extant 
**-joint DNA array was flipped. 

The up buffer-solution reservoir was attracted and it rinsed with the buffer solution. It decomposed and 
the instrument mounted a new related trial device. It was re-filled up with this reservoir and the 
complementary DNA array which carried out fluorescent labeling, i.e., ET-10 AL-TR, was added, the 
just deflected trial — in the detailed location, oligomer was overly condensed in electrophoresis for 2 to 5 
minutes by 0.05mA constant current. The polarity was carried out reversely and the uncombined 
complementary strand was removed. This trial device was removed and the speculum was carried out 
with the EPI fluorescence microscope. The negative control about a ** -specific binding replaced ET-10 
AL-TR with **-complementary DNA array ET-21 A-TR, and performed it like the above, 
a capillary tube — the cross section of a detailed location front face was overly inspected under the Jenna 
(Jena) EPI fluorescence microscope equipped with the HAMAMATSU ICCD camera imaging system 
(Hamamatsu ICCD camera imaging system). The complementary ET-10 AL-TR array having 
hybridized on the connective object, and having hybridized the result of fluorometric analysis, even 
when a /array is caught and it makes negative deflect potential was shown. The ET-21 A-TR **- 
complementary sequence was not held on a trial device front face, when potential was carried out 
reversely. 

example 3 : the address is possible on the electronics target on a micro-processing trial device — super — 
detailed location-succinimidyl acrylic-acid method This example indicates another adhesion chemistry 
which carries out covalent bond to the 5'-end of an oligonucleotide. The capillary tube was processed 
like the above except replacing the poly lysine with acrylic-acid succinimidyl (molecular PUOBUSU 
(Molecular Probes)) 1 %. Since especially the succinimidyl ester used for making a primary amine react 
was unstable in the field exceeding pH8.0 relatively, this capillary tube was finished fresh. This capillary 
tube was mounted like the above and the reservoir was filled with 0.1M sodium phosphate and pH7A 
Play actuation of this capillary tube was carried out in 0.05mA. 5' — ET-10AL (0.1O.D.) 2 [ about ] 
containing - amino terminus — microl was added with the pipet to the up reservoir, turning on a power 
source, and electrophoresis transport was performed for 2 to 5 minutes. The polarity was reversely 
carried out so that a trial device might deflect to negative, and electrophoresis was performed for further 
2 to 5 minutes. Although the ** -association DNA was repelled, DNA which carried out covalent bond 
overly remained in the detailed location. 

The up buffer-solution reservoir was attracted and it rinsed with the buffer solution. The reference trial 
device was removed and a new reference device was mounted. The reservoir was filled again, 
fluorescent-labeling complementary oligomer ET-1 1 AL-TR was added, and electrophoresis was 
performed like the above. The negative control of a **-specific binding replaced ET-1 1 AL-TR with **- 
complementary DNA array ET-21 A-TR, and performed it like the above. 

Having hybridized the fluorometric analysis of each trial device, even when complementary ET-1 1 AL- 
TR hybridizes in a prehension array (ET-10AL) and changes a polarity to negative was shown. **- 
complementary sequence ET-21 A-TR did not overly remain in a detailed location, when a polarity was 
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carried out reversely. 

Example 4: Fluorescence DNA / coloring matter detection process controlled electronically The specific 
coloring matter like an ethidium bromide (EB) becomes fluorescence dramatically, when it combines 
with double stranded DNA (intercalation). When it combines with double stranded DNA, fluorescence 
and binding affinity are large, but; this coloring matter gives off low fluorescence, when it has 
compatibility also in a single stranded DNA a little and combines with it. The following examples show 
how DNA / coloring matter detection process controlled electronically can be developed. 
Examples 2 and 3 were made to prepare and hybridize a capillary tube trial device like a publication, an 
ethidium bromide (EB) is added to buffer solution (- the 0.05mM EB last concentration), and a trial 
device is deflected to negative — making — hybridization ~ and it un-hybridized — EB (just 
electrification) was overly condensed on the both sides of a detailed location. The trial device was 
observed with the EPI fluorescence microscope by 550nm excitation and 600nm fluorescence. 
Hybridization and the red fluorescence of the both sides which **(ed) - hybridized strong from EB by 
which the detailed location was overly condensed were shown. 

The trial device was mounted again, it deflected to the forward constant potential of 0.05mA and 0.03 
volt-time amount, and EB was removed selectively, it did not hybridize ~ although the fluorescence of a 
detailed location was overly reduced, it hybridized — the detailed location overly held EB fluorescence 
of a high level dramatically. The following solved and the result was obtained. : 
fiStE Ufa Mmiti/P+Jl' 

ET-10AL ET-1 1 ALOE) 2 0 0 > 

ET-10AL ET-2 1A(f) 1 

The fluorescence signal was measured using the ICCD imaging KANRA system, and expressed the 
fluorescence intensity of a peak. The ratio of a signal to a noise will exceed 1000 times, when the whole 
fluorescence signal area is integrated. This raises the ratio of a signal to a noise and is proving the 
approach about the dynamic range of the DNA assay using in TAKA rating coloring matter. 
Example 5: Location in which the address is possible on the electronics target on a metal substrate 
Aluminum (aluminum) and golden (Au) wiring (0.25mm and Aldrich (Aldrich)) were made to react with 
the 10% 3-aminopropyl triethoxysilane (APS) in toluene. The APS reagent reacted easily with the oxide 
on a surface of metal, and /hydroxyl, and formed association between oxide and/or hydroxyl, and a 
primary amine. It is not necessary to process aluminum beforehand. Golden wiring was given to the 
electrolysis in a 5xSSC solution, and the oxidizing zone was made to form. As an exception method, 
metal wiring can oxidize by the perchloric acid bath. 

: which performed the APS reaction as the following — wiring was cut to 3 inches and put on the glass 
plate. Toluene was added and temperature was thoroughly made into 50 to 60 degree C for this wiring 
on the bonnet and the heating plate. APS was added and it considered as the 10% of the last 
concentration. The solution was mixed and the reaction was continued for 20 minutes. It rinsed 3 times 
with the toluene of abundant capacity, it rinsed 3 times in the alcohol of capacity abundant subsequently, 
and dried in 50-degree-C oven. 

Subsequently, APS processing wiring can make an aldehyde able to react and can make a CIF base 
form. As indicated in other locations of a description, periodate oxidation of the connective object ET- 
12R was carried out. The electrode was installed into the reservoir of the deaerated water, power . — it 
was fixed 05 mA and supplied for about 30 seconds. Activation ET-12R was added promptly. Power 
was supplied, the liquid was attracted, it added and fresh water was attracted again. The electrode of a 
trial (it just deflects) and contrast was installed into the hybridization buffer solution (HB, 5xSSC, 0.1% 
SDS) containing the fluorescent-labeling component DNA and ET-10-TR. After 2 minutes, the washing 
buffer solution (lxSSC, 0.1%SDS) washed the electrode 3 times for 1 minute each, and it was observed 
according to fluorescence (590nm of excitation, 610nm of fluorescence). 

It is shown that ET-12R carried out coupling of the result to the front face of a trial metal specifically. 
The contrast electrode was not so although the test electrode was fluorescence. The nonspecific 
adsorption of DNA to a metal was checked when SDS in the hybridization buffer solution existed. 
Adhesion in the golden substrate by electrolysis and the continuing APS processing were effective. The 
obtained signal was more notably [ than what was observed with **-gold oxide ] strong. In this example, 
with the connective object, functional-group addition could be carried out chemically, and the surface of 
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metal could be induction-ized in the still more important thing, and the thing which is insulated from a 
solution and which are not things was shown in it. The APS method expresses one sort in much 
available chemistry in which DNA-metal conjugate is made to form. 

Example 6: Fluorochrome detection process-metal wiring controlled electronically The DNA-aluminum 
electrode substrate was prepared and the example 5 was made to hybridize like a publication. As 
contrast, the hybridized DNA-aluminum electrode which was not reached and hybridized was processed 
with unguided-ized aluminum wiring. Added the ethidium bromide (EB), negative was made to deflect 
the solution and a trial DNA electrode, and coloring matter was attracted. The solution was attracted and 
the new buffer solution was added. The speculum of the surface of metal was carried out under the 
microscope. 

A device is re-mounted and electropositive potential is supplied for predetermined electrical-potential- 
difference 1 hour. The buffer solution was attracted and the electrode was observed according to EPI 
fluorescence. This was repeated until the significant difference arose in the fluorescence between the 
hybridized surfaces of metal which were not reached and hybridized. 

ET-12R ET-IOAL(IE) >140 

ET-12R ttUft) 1 

Although the fluorescence of the surface of metal which was not hybridized was reduced, the hybridized 
surface of metal held fluorescence. The fluorescence signal was measured using the ICCD camera 
imaging system, and expressed the fluorescence intensity of a peak. The ratio of a signal to a noise will 
become »1000 time when the whole fluorescence signal area is integrated. So, this example shows that 
this approach goes up the signal ratio to a noise, and that the range of assay is dynamic. Being obtained 
even if the same result uses a capillary tube gel spacial configuration shows that the electrochemistry 
effectiveness does not influence for the engine performance of assay notably. 

Example 7: Active programmable electronic matrix (APEX)-micro machine processing The radial array 
of 250-micrometer capillary tube location in which the six addresses are possible is detailed from a 
plastic radical plate. - It was processed. This device has the common up reservoir and the lower reservoir 
which separated each ** detailed location separately so that the address might be possible, the unique 
oligomer array connective object was manufactured from the polyacryl amide which constructed the 
bridge over altitude by said approach carried out — specific — you made it located [ overly ] in a detailed 
location, and it has joined together, a trial — although the detailed location overly has positive charge, 
other locations have electronegative potential, in order to prevent a **-specific interaction. 
This array is washed and is made to hybridize with the DNA probe complementary subsequently which 
carried out fluorescent labeling. This array was washed, the superfluous probe was removed and, 
subsequently it observed under the EPI fluorescence microscope, the address was carried out specifically 
— only the detailed location was overly fluorescence. This process is checked by hybridization with the 
probe which carried out the indicator by other fluorescence radicals repeatedly with the connective 
object of the others in one place else. 

The DNA array was specifically installed in the position by the bridge formation with other locations 
which may be disregarded. The micro matrix which has the unique array of 100 - numbers partly is 
processible into a position with this. 

In order to choose the suitable plastic plate of the low background, a different substrate was examined 
about the fluorescence property in those 600nm. Plastics was examined in an EPI fluorescence 
microscope imaging system and fluoro meter. The fluorescence decipherment value acquired from the 
list of substrates and LS50B fluoro meter is indicated to the following tables. : 
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This experiment shows that it has background level with lowest black acrylic, ABS, and polycarbonate. 
Example 8: Active and programmable electronic matrix (APEX)-micro lithography processing 50- 
around micrometer detailed location (refer to drawing 3 ) of the matrix of 8x8 on a silicon wafer (64 
parts) was designed and processed, and packaging was carried out with the switch box (about a detail, it 
is referring to the device processing section). Amelioration of the several sorts of ingredients and the 
process which are indicated how was performed, and the sensibility and active nature of an APEXDNA 
chip device were raised. 

8a) Selection of the maximum upper coat Making all the front faces of a chip react is included in an APS 
(3-aminopropyl triethoxysilane) process. It depends for the sensibility of this initial functionalization 
process on the relative reactivity of the various matter on a chip front face. In order to decrease the 
functionalization to the field which overly surrounds a detailed location, and secondary DNA adhesion, a 
reactant low ingredient is more nearly required than Si02 or a metallic oxide. A photoresist and silicon 
nitride were examined. The different maximum upper coat was given to the silicon nitride chip. This 
chip is periodate oxidation Polly A after inspecting according to EPI fluorescence and processing with 
APS subsequently. Covalent bond of the RNA array (a sigma (Sigma) company, molecular weight 
100,000) was carried out. This chip was made to react for 5 minutes at 200nM solutions of Texas red 
indicator 20 serious condition (T2-TR) in the hybridization buffer solution, and 37 degrees C. The chip 
was washed once in lxSSC 3 times in the washing buffer solution. The chip was inspected by the 
fluorescence of 590nm excitation and 610nm fluorescence. 
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As compared with the silicon dioxide, like very low reactivity and a photoresist ingredient, since it 
originally was not fluorescence, silicon nitride was chosen to APS. Moreover, it is possible in other 
approaches like UV burning of background area. 

8b) Physical property of APEX The finished matrix chip was inspected visually using the probe test 
station (Probe Test Station) (micro manipulator model 6000) which attached BII-, - El microscope, and 
the CCD camera. The chip was examined about the continuity between a trial pad and an external 
contact pad. This was performed by contacting a pad and the manipulator probe chip connected with the 
multimeter. With the continuity, it was checked that this pad is etched into a surface of metal. 
Subsequently, the pad was checked about the stability under an electronic environment. It was estimated 
that metal wiring could be treated to 1mA under the usual desiccation conditions. 
One drop (l-5microl) of buffer-ized solution (lxSSC) was added with the pipet to 8x8 matrices. It is 
maintained with surface tension in the same location, a liquid drying an external contact pad field. The 
one probe chip was contacted to the contact pad, and the one more probe pad was contacted into the 
liquid. In maximum electrical-potential-difference 50V, the current was gradually raised to 50nA(s) 
using the HP6625A power feeder and the HP3458A multimeter. 

The first processing consists of a silicon substrate, a silicon-dioxide insulating layer, aluminum 
deposition, patterning, and the silicon nitride maximum upper layer. 

An aluminum metal and the silicon-dioxide layer between the layers of silicon nitride are contained in 
the second processing process. A silicon dioxide and aluminum have the physical property of 
compatibility more, form a better chemistry interface, and offer stability and a strong chip more rather 
than what was manufactured according to the first processing process. 

8 (c) DNA adhesion The matrix chip of 8x8 was functionalized with the APS reagent of example 5 
publication. 

Subsequently, the chip was processed by periodate oxidation Polly ARNA (a sigma (Sigma) company, 
average molecular weight 1 00,000). The chip was washed in the washing buffer solution (WB), and 
superfluous RNA which was not reached and combined was removed. Although the coat of the whole 
chip was carried out according to a prehension array by this process, the very high consistency existed in 
the surface of metal exposed rather than the field, covered with the nitride. The chip was made to 
hybridize for 5 minutes at 200nM solutions of T2-TR in the hybridization buffer solution (HB), and 37 
degrees C. 

Subsequently, ordinary temperature washed for 1 minute respectively once in lxSSC 3 times in WB. 
The chip was inspected by the fluorescence of 590nm excitation and 610nm fluorescence. 
The metal field which was able to be extended shone to fluorescence and had the configuration of the 
pad (overly detailed location) of 50 micrometer around. The boundary of a low fluorescence intensity 
and/or a low infinite form showed that some pads had not spread thoroughly. In such a case, performing 
plasma etching several [ further ] times will be recommended. 

8 (d) Hybridization controlled electronically active hybridization — the chip from example 8c ~ using — 
one piece — specific — it carried out by overly just deflecting a detailed location. This is performed by 
using the electrode of external using the switch box which remained and to which a deflection 

overly also makes a detailed location negative automatically. The buffer solution of 3microl was placed 
only on the matrix pad (overly detailed location). - T2-TR of a sink and 0.1 picomoles was added for the 
current of l-5nA in this solution for several seconds. The liquid was removed, the chip was dried and it 
inspected about the Texas Red fluorescence of 590nm excitation and 610nm fluorescence, it just 
deflected — specific — only the detailed location was overly fluorescence, the others on an APEX chip 
are specific — this experiment was overly repeated several times using the detailed location, in addition, 
one piece — the fluorescence DNA of a detailed location is overly **(ed) - hybridized electronically — 
making — subsequently — the first location — negative — and the thing of the object for which a detailed 
location is overly just deflected — one more piece — it was made overly to move to a detailed location 
8e) Processing of addressing and the device which are controlled electronically The 8x8APEX matrix 
was functionalized with APS like the above. Oligonucleotide connective object CP-1 was activated by 
the periodate oxidation method. The detailed location was overly just deflected within the matrix, and it 
made negative deflect four things which remain. 

2micro of buffer solutions 1 was put on the matrix, and the current was passed. It added and connective 
object CP-1 was electronically condensed in the shown location. The liquid was removed, the buffer 
solution washed this chip simply, and 2micro of buffer solutions 1 was placed on this chip. Again, the 
sink and T2-TR2 picomole were added for the current for several seconds. After a short time, the liquid 
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was removed and this whole chip was washed 3 times by WB. The chip was dried and it inspected about 
fluorescence. 

The result shows that that all detailed locations are overly fluorescence deflected to forward [ four ]. this 
example positioning in addressing with an overly alternative detailed location in a specific binding 
body, and the detailed location of an adhesion array, covalent bond, and induction-izing of a 
complementary target sequence — the specific hybridization to a detailed location is overly shown. 
8f Hereditary typing of an APEX chip The DNA connective object which has a specific 3 f - 
ribonucleoside end in HLA gene dQa of polymorphism was compounded. This connective object was 
activated by the periodate oxidation like the above. Like the above, the reverse complementarity object 
was compounded by the S'-amino terminus, and Texas Red and rhodamine **** carried out conjugate to 
the fluorophore like BOJIPI coloring matter. A detailed location is overly functionalized by the primary 
amine by processing with APS like the above. 

The solution of several microl was placed on the 8x8 matrix, specific — by overly just deflecting a 
detailed location, the address of the detailed location is carried out, added the periodate oxidation DNA 
oligomer of -0. 1 picomole, it was made to move to the location, and covalent bond of it was overly 
carried out. The polarity was reversed and the connective object molecule which was not combined was 
removed. This repeats about other connective objects of overly everything but a detailed location by 
which the address was carried out until all unique adhesion connective objects combine with a chip, 
subsequently — at the same time it makes each fluorescent-labeling complementary sequence hybridize a 
chip and determines the singularity of a coupling reaction — all — ADORUSU ~ the detailed location 
was overly visualized, the address was carried out on the same (90 degrees C for the inside of 0.05% 
SDS, and 10 minutes) chip from which it was made to denaturalize electronically and complementary 
oligomer was removed ~ a detailed location overly hybridizes with the non-indicator target DNA or 
genomic DNA. Detection minded fluorochrome detection assay, as described above on the descriptions. 
Probably, the result shows that the address was specifically carried out with the connective object with 
an overly unique detailed location, it deflected negative — nonspecific association to a detailed location 
can overly be disregarded — I will come out. The device which is stable also under denaturation 
conditions as for this device and the connected connective object chemistry, and the address was so 
carried out, and was processed is reusable. The electronic approach of denaturing a hybrid will make the 
time amount which a current is raised and/or passes it increase. 

Example 9: Electronic strict control 9A Single point mutation in 15 serious-condition Ras-12 probe The 
capacity of the device which influences electronic strict control of a high level was proved by the Ras-12 
oncogene model system which used 1 5 serious-condition probe. Mispairing of the single base pair in 
DNA duplex produces only slight instability in a hybrid pair as compared with the double strand which 
carried out involution. It is made to denaturalize by Tm with this slight instability slightly lower than the 
double strand which caused and carried out involution of the mispairing double strand. To the pair which 
carried out involution of both, it is strict and this pair (involution and mispairing) will hybridize the pair 
which carried out mispairing when [ optimal ] hybridizing only at lower effectiveness. Probably, the 
hybridization signal from mispairing will be lower than the signal from the pair which carried out 
involution a little. In the conventional hybridization method, the probe of 8 serious-condition - 21 
serious-condition range performs single point mutation analysis. The probe of 10 serious-condition - 20 
serious-condition range is used most frequently. When longer than 20 serious condition, even if a 
mutation probe is shorter than 8 serious condition, or it uses an approach for any to be reliable, it 
becomes very difficult to discriminate what carried out involution from mispairing. This is because there 
is almost no difference in involution and the hybridization signal between the pairs which carried out 
mispairing. The typical approach of the hybridization and strict control used by point mutation analysis 
makes temperature and salt concentration reliance, this invention persons found out that strict control is 
influenced also with electrophoresis potential. 

30 serious-condition target sequence on a trial device which overly adhered to the detailed location was 
made to hybridize electronically 1 5 serious-condition point mutation specific probe in the example of 
Ras-12. Negative was made to deflect the polarity of a detailed location and the predetermined time 
amount this hybrid was overly given to the fixed current which offers the predetermined power level 
which denatures what carried out mispairing, without influencing what carried out involution 
thoroughly. 

the following arrays — 250 micrometer front face of each — it compounded and examined on the three- 
set trial structure of overly having a detailed location. 
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Ras-G 5'-GGT GGT GGG CGC CGG CGG TGT GGG CAA GAU-3'- 

Adhesion array : jS^^ffl&g 

It comes out. 

Reporter probe array (it is an indicator at Texas Red) : 
Ras-1 3' -CC-GCG-GCS-GCC-ACA-C-5' - (TR) 

Ras-2 3' ~CC-G£G-GC&-GCC-ACA-C-5' - (TR) 

Ras-3 3 # -CC-GTG-GC&-GCC-ACA-C-5' - (TR) 

It comes out. 

The device was processed from the capillary tube, as described above on the descriptions, periodate 
oxidation of adhesion array Ras-G and Ras-T was carried out, and the address was carried out ~ the 
detailed location was made overly to carry out covalent bond 

subsequently, Ras-G — the detailed location was made overly to hybridize with Ras-1, Ras-2, or Ras-3 
Involution of Ras-1 was thoroughly carried out to Ras-G. One base pair of Ras-2 is mispairing (G-A). 
Ras-3 are 2 base-pair mispairing (G-A and G-T). G-A mispairing is the most difficult to produce only 
the lowest instability to DNA duplex, but to discriminate from perfect involution so. 
Idiomatic hybridization was performed first, the detailed location was overly inspected in fluorescence, 
and it measured what range of a complementary sequence has hybridized. The trial device (detailed 
capillary tube) was re-mounted, and, subsequently electronic hybridization was performed. All trial 
devices were given to the same electronic strictness by deflecting them with electronegative potential 
(fixed current) until the hybrid which carried out mispairing was removed thoroughly, without having 
big effect on the hybrid which carried out involution thoroughly. : which shows an approach and a result 
below — conventional hybridization method: it hybridizes in Sduring 15 minutes xSSC at -40 degrees C - 

— making — 20 degrees C of - each — for 5 minutes and the inside of lxSSC — 3 times — washing — - 
fluorometric analysis — carrying out — : which observes the signal ratio of the perfect involution (Ras- 
G/Ras -1) to -1 bp mispairing (Ras-G/Ras -2) — about 10 to 1. 

electronic strict control (ESC) — law: it hybridizes in 5 minutes and in 5xSSC at -20 degrees C — making 

— "- with no washing process" 

-150 volts (V) — the electronic strictness of 0.15mA (mA) — for 4 minutes (20 degrees C) — application 

— carrying out — fluorometric analysis — carrying out — : which observes the signal ratio of the perfect 
involution (Ras-G/Ras -1) to -1 bp mispairing (Ras-G/Ras -2) — >100 pair 1 The perfect result about all 
experiments is shown in drawing (15) in graph. ; which shows that these results can use only 
electrophoresis potential for strict control in a DNA-hybridization reaction, however ESC also show that 
conventional hybridization effectiveness higher than a hybridization method and a conventional high 
discernment ratio are offered. In addition, the strict control of each each [ ESC ] which could overly 
apply to the detailed location and became independent in the same bulk solution is offered. 

(9B) 7 serious condition and single point mutation analysis using 22 serious-condition probe The probe 
of both the 7 in a serious condition which was widely different, and 22 in a serious condition was 
prepared, and the advantage of electronic hybridization and ESC was further proved to be the normal 
size range usually used by point mutation analysis. Pair formation of the point mutation specific 
oligomer probe carried below can be carried out so that the hybrid obtained may have mispairing of 0, 1, 
or 2 bases. The detailed location was made overly to carry out coupling of the complementary oligomer 
array, and it was made to hybridize like the above, with [ predetermined to the fixed current which offers 
the predetermined power level which denatures mispairing, without overly reversing a polarity in a 
detailed location (it deflecting to negative), and removing perfect involution for the hybrid ] time amount 

— having carried out . 

The detailed location overly adhered and Ras-G or Ras-GA oligomer (shown below) used these as a 
target sequence. As indicated it to be [ where / of this description ], the indicator of the series of Ras 
specific oligomer the 22 in a serious condition shown below and 7 in a serious condition was carried out 
by the Texas Red fluorophore. "The base which drew the underline, and the base of a bold letter" are **- 
involution and/or **. - The location which may carry out involution is shown. : 
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Ras-G 5'-GGT GGT GGG CGC CGG CGG TGT GGG CAA GAU 

Ras-GA 5' -Ami no -GGT GGT GGG CGC CGG CGG TGT GGG 
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The trial device was processed from the capillary tube, as described above in this description. Covalent 
bond of oligomer target Ras-G or Ras-GA was overly carried out to the detailed location. Subsequently, 
it was made to hybridize with complementary Ras-22 C-TR of perfect one 22 serious condition which 
overly carried out the indicator of the detailed location by Texas Red. It hybridized with Ras-22-TA 
which is Ras-22 A-TR; which is 22 serious condition of ** a second to which one base pair is overly 
carrying out mispairing of the detailed location (G-A), or 22 serious condition in which two bases are 
carrying out mispairing (G-A and G-T). 

The trial device described above in this description was simultaneously operated in the duplex channel 
format which experiences simultaneously both currents or power level with the overly same detailed 
location. The amount of the complementary sequence which was made to hybridize a trial device with a 
conventional method first, inspected the detailed location in fluorescence and overly hybridized it was 
measured. By the pair, electronic hybridization was performed using the trial device, and time amount 
was controlled by the fixed current until the mispairing hybrid was removed without affecting a perfect 
involution hybrid greatly. Typically, BAIORADO (Bio-Rad) 1000 / 500 power feeder was set as 0.02- 
0.1mA, and experimented with the fixed current by 0.02-0.04 volt-time amount. The device was 
separated and the trial device was observed according to EPI fluorescence on the Jenna (Jena) 
microscope which attached the silicon consolidation CAD camera (HAMAMATSU (Hamamatsu)). The 
image was processed by the HAMAMATSU AGASU 1 0 image processor (Hamamatsu 1 0 image 
processor), and it recorded with the Sony video printer (Sony Video Printer). When requiring the further 
electronic strictness, this capillary tube was re-operated. 

Discernment of single base pair mispairing was performed by 7 serious condition like the above. 
However, the device was operated all over the cooling box of four to 6 degree C rather than the room 
temperature with low [ the / Tm ]. 

The result showed that electronic hybridization and strict control could identify single base pair 
mispairing using both 7 in a serious condition and 22 in a serious condition. Involution: The mispairing 
ratio was larger than 100:1 or it. This signal: More generally than what was reported by one which 
controls strict conditions using temperature and ion concentration of hybridization methods, the noise 
ratio was good. 

Since the proton of IMINO of G participated in hydrogen bond with A which can stabilize a double 
strand even if, even if G-A mispairing was the most stable mispairing, as for electronic strict control, 
mispairing of 1 base G-A was discriminable from perfect involution. 

The consumption calculated value and measured value of power showed only change which can be 
disregarded in temperature, but it was proved that strictness is not overly caused by the temperature 
change in a detailed location. 

The thing like the above which are hybridized passively and for which a detailed location did not overly 
show discernment between involution and mispairing proves that diffusibility does not cause 
discernment. 

Moreover, these examples can conquer the main failures over the compound hybridization technique of 
a large scale in which each detailed location can have each strict control, therefore is limited to single 
ordinary strict level. Moreover, electronic strict power level can be related with thermal melting point 
(Tm) data, and an anticipation electrical-and-electric-equipment melting point (Em) curve and equality 
can also be created. 

(9C) Electronic hybridization in the high genome background The target DNA array of an example 
usually consists only of the total DNA of the very small ratio in a genomic DNA sample. By condensing 
the total DNA in the very small location on APEX and a device, this invention raises the effectiveness of 
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target hybridization under existence of the superfluous hetero DNA. 

The adhesion array which has carried the S'-amine radical was made to adhere to 22%PAGE and the trial 
device which contains acrylic-acid succinimidyl 1% in this example. The capillary tube was induction- 
ized by either of the ET-23 AL or ET-1 1 AL prehension arrays. The indicator of the target probe ET-12R 
was carried out by Texas Red. ET-1 2 R-TR will not be hybridized in an ET-1 1 AL prehension array, 
although it will be hybridized to ET-23 AL which is the array of a trial and contrast respectively. 
Hetero genomic DNA and calf thymus DNA (CTDNA, sigma (Sigma) company) were dissolved, and it 
considered as water with a last concentration of lmg [/ml ], it ultrasonicated and heated, and this DNA 
was denatured. The sample was prepared in O.SxTBE with a last capacity [ 1 ] of lOOmicro which 
contains the ET-1 2 R-TR target of 1010 copies with the denaturation CTDNA of 0, O.lmicrog, or 
l.Omicrog. This expressed 0, 1,000, or 10,000 times as many superfluous CTDNA as this as compared 
with Target DNA. 

Play actuation of the trial device was carried out for 5 minutes in 0.03mA among 0.5xTBE using 
BAIORADO (Bio-Rad) 1000 / 500 power feeder. The trial device was set up so that the capillary tube of 
a trial and contrast could operate simultaneously under the same conditions strictly. 
Attached the sample (lOOmicrol), for 5 minutes and electropositive potential were made to deflect a 
capillary tube in 0.03mA, and DNA was attracted. The polarity was reversed and all the ET-1 2 R-TR 
targets that did not pass and hybridize the same power were removed from the trial device front face. 
The buffer solution was attracted and the trial device was observed by fluorescence on the Jenna 
microscope (HAMAMATSU (Hamamatsu)) which attached the silicon consolidation CAD camera. The 
image was processed using the HAMAMATSU AGASU 10 image processor, and was recorded by the 
Sony video printer. 

There was no difference between the absolute hybridization signal in existence of lOOmicrol per 
0. 1 microgCTDN A or un-existing, and a signal -noise ratio. 

Signal reinforcement is equivalent and the signal was uniformly distributed over the service area. 
That the signal is had priority and distributed around a capillary tube on the level of CT DNA of 
lOOmicrol per Imicrog shows that the prehension array is blocked or saturated. This artifact was easily 
got through by vibrating a polarity between hybridization processes. The pulse of the total DNA is 
carried out from there by this, and it could make the target hybridize more efficiently and uniformly 
towards a service area by it. 

(9D) Passive hybridization-pair-electronic control hybridization Electronic control hybridization has 
nearby effectiveness well quicker than passive hybridization. Because, it is for the electric effectiveness 
in electronic control hybridization. 

The capillary tube trial device was respectively finished in the ET-23 AL and ET-1 1 AL adhesion array as 

a trial and a contrast device. The hybridization solution with a capacity [ total / 1 ] of 1 OOmicro which 

contains ET-1 2 R-TR of 1x1010 copies with CTDNA Imicrog was produced. 

Passive hybridization: The one-set trial and the contrast device were put on the small test tube into 

which lOOmicro of 50-degree C hybridization solutions 1 was put, and were made to hybridize for 15 

minutes. Subsequently, lxSSC and 0.1%SDS washed the sample each for 5 minutes at 45 degrees C 3 

times. 

Electronic control hybridization: The trial device was mounted and play actuation was carried out for 5 
minutes in 0.06mA. Subsequently, the buffer solution was attracted and lOOmicro of hybridization 
solutions 1 was added. The trial device was just deflected for 3 minutes in 0.06mA, reversed the polarity 
for the following **** 30 seconds, and it was again reversed for 3 minutes so that the device concerned 
might just become again. A negative one was made to deflect a trial device for 3 minutes, and it was 
washed electronically. 

The active format of the effectiveness and extent of hybridization was dramatically better than the 
passive format. The absolute signal in an activity (electrical and electric equipment) format was more 
expensive than the signal in a passive format exceeding 100 times. The signal-noise ratio in an active 
format rose 10 times rather than the signal in a passive format. Active hybridization assay is completed 
in 10 or less minutes by the minimum actuation. A passive format requires several sorts of actuation of 
tubing and the buffer solution for - 30 minutes. 

At a typical hybridization method, the probe of 2.5nM(s) is used for 90% of the completion of a reaction 
for 1 5 minutes by 3 times of COt. Passive hybridization reaction dynamics will usually take - 4 hours to 
the experiment concentration of the probe [ of this invention persons ] of 0.17nM(s). 
By active hybridization, it can be used by the low probe concentration used as the low background. It is 
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dependent on diffusibility, therefore a typical approach must move reaction dynamics using high 
concentration more. By the active approach, a sample can be condensed very a little, and this serves as 
very local probe concentration, it continues and can be made into very quick hybridization reaction 
dynamics. 

Example 10: Hybridization in fluorescence DNA nano-structure The sensibility of the whole 
hybridization assay of a ** -magnification mold is usually restricted by the background from nonspecific 
association. This is often main problems, when carrying out the indicator of the DNA probe using 
secondary complex with two or more reporter radicals or two or more reporter radicals. Therefore, assay 
limit of detection reaches only to a quite low place rather than the limit of detection of the actual or the 
proper of a reporter indicator (group) often reaches. 

By using an electronic control hybridization method, this invention persons found out using the bead of 
a sub-micron or a nano-scale with dramatically powerful fluorescence for super-high sensitivity assay 
with an adhesion DNA probe, this invention persons were able to control motion of the DNA probe- 
fluorescence nano structure using free field electrophoresis. Since what was hybridized from the 
structure which was not hybridized by electronic strict control is discriminable on high level, it is DNA. 
The probe- fluorescence nano structure can go up hybridization sensibility notably. By electronic strict 
control, this invention persons can detect the nano structure of such high fluorescence, or two or more of 
other indicator models without the need of amplifying, with low copy number (50 to 1000 target). This 
was impossible at a conventional hybridization method and a conventional process until it resulted in 
current. 

The nano particle of fluorescence and the fluoro forehand purchased from molecular PUROBUZU, 
Incorporated (Molecular Probes, Inc.). carboxymethyl latex SUFEA on which this particle put Texas 
Red or the fluorescence coloring matter like a fluorescein — a cage — ** This latex SUFEA can be 
obtained by the functional group from which the front face like an amine or an aldehyde differs. This 
particle can be used in size with a diameter of 0.01-5 micrometers. 

1) Characterization of a fluorescence nano particle Non-modified and the nano particle by which amine 
qualification or aldehyde qualification was carried out have net positive charge, it made negative deflect 
these particles in electric field ~ it overly moves towards a detailed location. 

2) DNA adhesion chemistry to FURUO loss fair Coupling of the amine qualification termination can be 
carried out to the nucleic acid which has an end aldehyde group. Subsequently, it can be made to 
generate by compounding a DNA probe by the 3'-end riboside which oxidizes by the periodic acid 
method described above in this description. 

The particle was saved as 2% suspension in distilled water. In 0.1 M sodium phosphate and pH7.4, pipet 
addition was carried out and the aliquot of the fluoro forehand of the amine qualification red 
fluorescence of 0.02 to 1 .0 micrometer was re-suspended. Periodate oxidation PORIRIBO-A of an 
excessive amount was added to the suspension. It was made to react at a room temperature and 
incubated for 90 minutes. PORIRIBO-A which washed this particle in lxSSC and 0.1%SDS (0.15mM, a 
sodium chloride, a 0.01 5mM sodium citrate, 0.1% (w/v) sodium dodecyl sulfate, pH7.0), and carried out 
pipet addition, which was not combined and which it reached and was combined nonspecific was 
removed. 

The DNA-FURUO loss fair in buffer solution was put on direct-current electric field. It is observed that 
this DNA-FURUO loss fair moves toward a positive electrode, and this shows that now the charge of the 
net is changing to negative. This is an approach simple, although it determines whether the DNA 
coupling reaction was successful, and simple. Probably, in a traditional hybridization method, it will be 
required to use a radioisotope indicator reporter probe, since the intense fluorescence from a particle will 
be blocked by one of hybridization signals. 

3) DNA adhesion in a trial device The polymerization of the trial device was carried out by the 
polyacrylamide which can be made to react with a 5'-amine terminalization DNA probe continuously 
and which constructed the bridge over the altitude which contains acrylic-acid succinimidyl 1%. The 
adhesion of a prehension array and oligo-T was proved by hybridization with the complementary probe 
which carried out fluorescent labeling, and CP-l-TR. A trial device front face is very fluorescence, and 
this shows that this front face was derivatized in the prehension array. 

4) The electronic hybridization of DNA-FURUO loss fair, and detection The hybridization reaction was 
performed in the structure which supports two capillary tube trial devices which share and have a 
common up reservoir and an independent lower reservoir. The reactant front face was exposed to the 
common up reservoir. 
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The trial device was mounted on this structure and play actuation was carried out for 15 minutes in 
0.05mA O.SxTBE. One trial device has the T2 complementary adhesion array, and another has the ET- 
10AL **-complementary adhesion array. DNA-fluoro fair lmicrol was added to the up reservoir. The 
trial device was just deflected for 5 minutes by .02mA, and DNA-FURUO loss fair (nano particle of 
fluorescence) was made to attract. In order to check that this particle exists on a front face, this trial 
device was scrutinized. A trial device is shortly deflected by negative, and the polarity was reversed so 
that the DNA-FURUO loss fair which was not hybridized might be flipped. 

It was same between the trial and the contrast device. In spite of the passed electric energy, this particle 
was unremovable, also after trying repeatedly. 

5) The passive hybridization of DNA-FURUO loss fair, and detection this invention persons thought that 
the electronic hybridization of a particle fixed or caught the particle in the surface gel matrix of a trial 
device, without being caught also by which theory and assumption. The DNA-FURUO loss fair 
passively hybridized in the adhesive array on a gel front face in this way must be more easily removed 
by electronic """-hybridization. 

A new trial device was mounted like the above. Pipet addition of the 0.05% suspension of DNA- 
FURUO loss fair was carried out at the up reservoir, and it was made to hybridize passively for 5 
minutes. The buffer solution was attracted and the new lxTBE buffer solution was added. Negative was 
made to deflect a trial device and the particle was flipped this time. The trial device was operated for 5 
minutes in 0.02mA, and, subsequently was inspected according to fluorescence. 

There was epicritic [ remarkable between the trial after performing for / ECS / a total of 1 0 minutes at a 
room temperature shortly, and the device of contrast ]. It was condensed by the single pocket although 
the signal was not distributed over homogeneity over the trial front face. This may show that the 
effectiveness of a surface adhesion array is restricted. It is improvable using a long spacer arm rather 
than it has hydrophobicity, a hydrophilic property, or the mixed property. This spacer is producible using 
other various spacer radicals which diaminohexan, an anhydrous cinnamic acid, and the field concerned 
are sufficient as, and are known. 

Example 1 1 : Electronic directive restriction enzyme cutting of a specific ds-DNA array The capacity for 
an APEX device to be able to perform restriction endonuclease cutting of a ds-DNA array selectively is 
proved using two examples. M13mpl8 (it has Xbal limit part) and M13mp8 (it does not have the Xbal 
limit part) vector was used for these examples. These vectors are ordinarily used for many cloning and 
DNA sequencing processes. 

In the 1st example, free field electrophoresis transport of a Xbal restriction enzyme in the electronic 
hybridization of an M13mp array to the specific detailed location on :(1) trial device and (2) detailed 
location and secondary prehension of the cutting fragment in a detailed location besides (3) are proved. 
In this example, the capacity of this device in which a self-assemble is possible is also proved by the 
specific binding body (an oligonucleotide prehension array, others). 

The basic process in an approach is shown in drawing (16). four which carries out covalent bond to an 
oligonucleotide prehension array — specific — the detailed location (ML-1, ML-2, ML-3, and ML-4) was 
overly used. In order to carry out the delivery of the reagent (an oligonucleotide, a restriction enzyme, 
others), and in order to process a reactant, an electronic delivery system is used. 

Transport in a ML-3 and ML-4 detailed location and adhesion of the transport, the covalent bond there, 
and the Ml 3-2 oligonucleotide prehension array to the ML-1 and ML-2 detailed location of an Ml 3-1 
oligonucleotide prehension array are included in the first process. Since electrification of the nucleic 
acid is carried out to negative by pH>4, when electrophoresis is carried out in the buffer solution of the 
range of pH 5-9, they move toward the electrode which always just carried out electrification, 
the second process — ML-1 — the M13-1 prehension array of M13mpl8 array overly in a detailed 
location — and the free field electrophoresis transport and hybridization to this Ml 3-1 array of M13mp8 
array in a ML-2 detailed location are contained. 

the third process ~ a Xbal restriction enzyme — ML-I (M13mpl8) — super — a detailed location and 
ML-2 (M13mp8) — transport in a detailed location is overly included. Although Xbal cuts M13mpl8 of 
ML-1, M13mp8 of ML-2 does not cut. The cutting fragment from ML-1 is conveyed to Ml 3-2 array of 
ML-3, and is hybridized to it. As control of an experiment, free field electrophoresis was performed 
between ML-2 and ML-4. Since M13mp8 array of ML-2 is not cut, in ML-4, a fragment is not detected 
at all. 

Various Ml 3 adhesion arrays and probe arrays which were used by this example are prepared as 
described above in this description. These arrays are shown below. : 
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M13-C1 5' - CCA GTC ACG ACG TTG TAA AAC GAC GGC CAG U 

M13-C2 5'-GTA ATC.ATG GTC ATA GCT GTT TCC TGT GTG U 

MP18-40C 5'-GCA TGC CTG CAG GTC GAC TCT AGA GGA TCC CCG- 
GGT ACC G 

MP8-40C 5 ' -TGC CAA GCT TGG CTG CAG GTC GAC GGA TCC- CCG 
GGA ATT C 

MP18-R1 (TR) - 5 ' -AAA TTG TTA TCC GCT CAC AAT TGC 
MP8-R2 (F)-S'-ACA CAA CAT ACG AGC CGG AAG CAT 

Adhesion of a process-l-M13 prehension array The APEX testing device of an amine activation viaduct 
(26%) polyacrylamide front face or a polycarbonate (five to 10 nm) porosity film front face which 
overly has 200 micrometers of detailed locations is used for this process. 

An Ml 3 -CI prehension array is the DNA oligonucleotide containing 3 '-ribonucleotide of 31 serious 
condition. M13-C1 array is complementary at the 3'-end of Ml 3 mpl8 and M13mp8 single strand (+) 
vector. An M13-C1 prehension array is hybridized to all non-cutting Ml 3 vectors, and it is designed so 
that it may join together strongly. 

M13-C2 array is 31 serious-condition oligonucleotide containing 3'-ribonucleotide. M13-C2 is 
complementary to the part of Ml 3 array of the cloning part containing a Xbal limit part to the upstream. 
An M13-C2 prehension array is hybridized in Xbal cutting Ml 3 fragment, and it is designed so that it 
may join together strongly. M13-C1 and an M13-C2 prehension array — APEX — in order overly to 
carry out coupling to the amine derivative on a detailed location, it is activated by matrix oxidation. 3' 
ribonucleotide end is converted into an end aldehyde by the matrix oxidization which reacts with a 
primary amine and can form a CIF base. 

A reaction condition is as follows. : M13-C [ of 10-200.D. ]1 or M13-C2 oligomer is dissolved 
underwater, and it is referred to as last concentration lOD/mul. 1 capacity and 1 capacity (it newly 
produces underwater) of 0.45M matrix sodium salt are added for 0.1M sodium acetate and pH5.2. Under 
a dark place, it agitates in ordinary temperature for at least 2 hours, and an incubation reaction is carried 
out. The load of the reaction mixture is carried out to G-sephadex 1 0 column (Pasteur pipette, 
0.6x5. 5cm) which equilibrated by 0.1 M sodium phosphate and pH7.4. 200microl fraction is extracted, 
the spot of the aliquot 2microl is carried out on thin-layer chromatography (TLC), and a (ultraviolet-rays 
UV) absorption fraction is saved. 

the address is possible for four top faces of an APEX trial device — overly detailed — it is indicated as 
location ML- 1 , ML-2, ML-3 , and ML-4. 

M13-C1 ~ the following processes — ML-1 and ML-2 — covalent bond is overly carried out to a detailed 
location : The upper part and a lower reservoir are filled with 0.1M sodium phosphate and pH7.4, and it 
pre operates for 5 minutes by 0.05mA constant current using Biorad (BioRad) 500 / 1000 power feeder. 
- the chip of the electronic delivery system containing matrix oxidization M13-C1 oligonucleotide of a 
0.1 0.D. unit is installed in a lower reservoir. 

An electronic delivery system is the plastic pipet chip specifically embellished in the platinum-electrode 
inside. 0.1mA ~ an electronic delivery system — negative — (-) deflects and overly detailed — location 
ML-1 and ML-2 — forward — (+) deflects. Electrophoresis of M13C-1 is carried out to ML-1 and ML-2 
for 2 minutes in constant current, and it carries out covalent bond to a front face there. M13-C1 which 
did not react — ML-1 and ML-2 — a polarity is reversed for 4 minutes so that it may overly be removed 
from a detailed location. 

the process as the above that C-M132 array is the same « it is — ML-3 and ML-4 — it overly combines 
with a detailed location. 

Process 2-M13 vector, a complementary sequence, and hybridization of a fluorescence reporter probe 
Since double stranded DNA is needed in order that restriction endonuclease may cut, cloning / limit part 
segment of single strand M13mpl8 (6240-6280), and M13mp8 (6230-6270) must hybridize with a 
complementary DNA array, electronic hybridization — using — each and 40 serious-condition 
complementary fragment (MP18-40C array) — ML-1/M13C-1 — it overly hybridizes to M13mpl8 vector 
on a detailed location — making — ;40 serious-condition complementary fragment (MP8-40C array) — 
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ML-2/M13C-1 — M13mp8 vector on a detailed location was made overly to hybridize 

the electronics delivery system by which electronic hybridization contains M13mpl8 of a 0.05O.D. unit 

for 2 minutes in 0.1mA — negative ~ it deflects to (-) — making — ML-1/MP13C-1 [ and ] — super- — a 

detailed location — forward — it carries out by deflecting (+). A polarity is reversed for 4 minutes and 

M13mpl8 which was not hybridized is overly removed from a detailed location, the same process — 

using — M13mp8 vector — ML-1/M13C-1 — a detailed location is made overly to hybridize 

electronically 

Subsequently, two sorts of different fluorescence reporter probes and electronics targets are made to 
hybridize M13mpl8 and M13mp8 array. ML-1/M13C-1 — M13mpl8 vector on a detailed location is 
made overly to hybridize electronically with 24 serious-condition Texas Red indicator reporter probe 
(MP18-R1 array), and this is hybridized at the 5'-end of cloning / limit part. M13mp8 vector is made to 
hybridize electronically with 24 serious-condition fluorescein indicator reporter probe (MP8-R2 array), 
and this is hybridized at the 5'-end of cloning / limit part. 

Limit cutting of M13mpl8 vector using a process-3-XbaI restriction enzyme It can make neutrality 
(pH=pI) or forward (pH<pI) carry out electrification of many protein and enzymes to negative (pH>pI) 
in the range of pH 5-9 depending on those isoelectric points (pi). Much restriction endonucleases have 
pi within the limits of 6-7. Probably, by pH higher than pi, these enzymes are carrying negative charge, 
therefore, when free field electrophoresis was performed in the buffer solution of pH>7, electrification 
of these enzymes was just carried out — it overly moves to a detailed location -- 1 will come out. 
In the case of much DNA modification enzyme like restriction endonuclease, it is always desirable to 
choose the buffer solution which offers pH with which quick electrophoretic mobility and the quick 
optimal enzyme activity balance. It is possible to have the rational enzyme activity of following both 
from a top [ pi ] and it in a certain case, according to selected pH, the thing which deflected to either 
forward or negative and which is overly moved toward a detailed location cuts these enzymes. 
Xbal cutting of M13mpl8 vector in ML-1 is performed as follows, an electronics delivery system — 
using — the beginning — Xbal endonuclease — ML-1/M13mpl8 — free field electrophoresis is overly 
carried out to a detailed location, the electronics delivery system which contains Xbal of 100 units in the 
buffer solution of pH7.6 for 2 minutes in 0.1mA is deflected to negative — making — ML-1/M13mpl8 — 
a detailed location is overly just deflected. Subsequently, a current is reduced to 0.02mA for 3 minutes, 
although an electronics delivery system is turned off — 0.1mA — for 5 minutes and ML-1/M13mpl8 — a 
detailed location is overly deflected to negative ~ making — ML-3/M13C-2 — a detailed location is 
overly just deflected, next time — Xbal and the fragment which was not hybridized — ML-3/M13C-2 — 
in order overly to remove from a detailed location ~ ML-3/M13C-2 — negative is made overly to deflect 
a detailed location, and an electronics delivery system is turned off and it is made to just deflect for 2 
minutes in 0. 1 mA 

the observation by the EPI fluorescence microscope — ML-1/M13mpl8 ~ disappearance of the red 
fluorescence signal overly in a detailed location, and ML-3/M13C-2 — it is shown that the red 
fluorescence signal in a detailed location overly exists, and it is proving that Xbal cutting of the 
M13mpl8 vector was carried out. ML-2/M13mp8 which offers the same basic Xbal intercept method as 
negative contrast shortly — it overly repeats about a detailed location. Since M13mp8 vector does not 
have the Xbal part, cutting and generation of a fragment are impossible, in this way — ML-2/M13mpl8 - 
- although a detailed location overly maintains the green fluorescence signal — ML-4/M13C-2 — a 
fluorescence signal is not overly accepted at all in a detailed location. 

The limit cutting reaction performed with the restriction enzyme in which the address on a device is 
possible, and which overly carries out covalent bond to a detailed location is included in the second 
example, in this case, restriction endonuclease is induction-ized and the address on an APEX device is 
possible for it — free field electrophoresis is overly carried out to a detailed location, and covalent bond 
of them is carried out there — I will come out. A solid indicator is made to induction-ize a restriction 
enzyme, and the approach of carrying out covalent bond is learned by this contractor. The address of the 
restriction enzyme with which versatility differs was able to be carried out to the APEX device. The 
specific cutting reaction will be performed using free field electrophoresis by [ containing desired 
restriction endonuclease ] overly condensing ds-DNA vector or a DNA sample in a detailed location, ds- 
DNA — cutting — subsequently — the others on a device ~ a fragment is overly moved to a detailed 
location, in that case, the address on APEX and a device is possible in a request or other useful DNA 
modification enzyme — coupling can overly be carried out to a detailed location, moreover, this example 
is not limited to DNA modification enzyme, and the address on APEX and a device is possible for it in 
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the greater part of other enzymes — it can be made overly to adhere to a detailed location 
Example 12: The electronics amplifying method Sensibility could be improved by the duplicate or 
magnification of a target DNA array by making the purification targets DNA and RNA amplify on 
APEX and a device directly, when there are very few copy numbers of a target sequence (for example, 
HIV, septicemia infection, others). Moreover, the need of performing the preparative isolation process of 
high yield dramatically will also be reduced by magnification before performing hybridization analysis. 
Perfect electronic control of DNA motion, denaturation, and a synthetic reaction is offered by the APEX 
magnification protocol. The most important thing is denaturing a DNA hybrid electronically, without 
using a hot activity, high temperature resistance polymerase, or other heat stable enzymes. 
DNA synthesis can be performed without the need for a heat cycle very faithfully, using DNA 
polymerase (Klenow fragment of the bigger one) as the first example. 

In this example, one DNA strand is reproduced by the approach [ having made the detailed location 
freely overly carry out covalent bond ]. This process makes the prehension probe of a well-known array 
on a detailed location which is performed by the formula as follows and by which :1 address was carried 
out overly hybridize a well-known target sequence electronically. 2) The complementary DNA chain (-) 
which it is going to generate by DNA polymerase mold-ization mold-ized by the prehension probe is 
compounded. 3) Denature the newly compounded DNA hybrid electronically and annealing of the 4 
target DNA is carried out to a **-expanding prehension probe. - Carry out annealing to the - chain DNA 
which is going to generate the chain complementary probe. 5) Target DNA (+) chain which it is going to 
generate is compounded by DNA polymerase. The 1 chain DNA is simultaneously compounded like 2, 
and size selection of the magnification target is made by making the complementary probe which was 
made to double the number of + and - chains, repeated this process in each time, ranked second to it, and 
was designed on 6 unique targets by it hybridize, the perfect process shown in drawing 1 7 is further 
indicated in a detail below : Adhesion of a target sequence in a process 1 prehension probe the 
prehension probe which carried out (1) covalent bond of the target sequence is contained — super- — a 
detailed location — a photoelectron — it conveys in engineering. Although a target sequence may exist 
during a **-target (genome) array, before it catches an ANIRINGU ****** probe, it must be denatured. 
The target sequences which will be caught first are various die length. 

Composition of DNA complementary to process 2 target DNA polymerase and dNTP are overly 
conveyed to the detailed location 1 in photoelectron engineering. A prehension probe offers DNA 
polymerase with a three-dash terminal, and a prehension target sequence offers mold. Sufficient current 
to maintain the concentration of the reagent which is easy to receive effect in composition is passed. A 
current can be made into constant current or a modulation current. If these indexes are operated, the 
complementary(-) chain which is going to generate the die length of different range can be obtained, 
a process 3 — electronic denaturation of the newly compounded chain The polarity of the detailed 
location 1 is overly reversed, potential is applied, and 2 chains are made to separate. It will depend on 
the die length and base composition of hybrid DNA complex for potential and the applied amount of 
time amount. These indexes can be calculated and determined from experiential or an electronics 
denaturation curve. 

Annealing to the DNA strand of process 4 primer (prehension and complementary probe) Oligo is 
required to carry out annealing to both + and - DNA strand, and obtain the primer for DNA polymerase. 
About a target or + chain, this is attained by electronic transport of + chain to a **-expanding prehension 
probe. By this, it will elongate superfluously and the ** -expanding prehension probe of die length about 
the same as the - chain DNA which carried out covalent bond will be generated. Electrophoresis of the 
complementary probe is overly carried out to a detailed location, and covalent bond is carried out to the - 
chain DNA. Shortly, the chain of both + and - is mold DNA polymerase which has the primer combined 
with them and carries out the catalyst of the composition (refer to drawing). 

Although the affinity of a complementary probe can also be generated with the noncovalent bond-chain 
DNA, these hybrids must not denaturalize electronically and, so, must not hardly have effect in overall 
magnification. 

Composition of new process 52 DNA strand A process 2 is repeated, and when + and - chain start mold 
formation, the amount of array specific DNA is doubled from from. This geometric increment in the 
amount of DNA will take place in each time of these repeated processes. 

Size selection of a process 6 magnification target sequence The nucleotide sequence of a complementary 
probe will determine size and array of the magnification target DNA. Therefore, a practice design can be 
carried out and the effectiveness of secondary analysis and/or actuation can raise Magnification DNA. 
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other enzymes — the **** for amplifying methods of this invention — although things are made and it 
does not limit to them, combination with other DNA polymerase, T7 or SP6 RNA polymerase, reverse 
transcriptase, a DNA ligase, polynucleotide phosphorylase, and other nucleic-acid repair enzyme 
(endonuclease, exonuclease, others) is included. 

Example 13: An electronics controller and data system All devices are the properties of the array in 
which the address of a detailed location (or macro-location) is overly possible in case of any of APEX 
and a chip, or a micro machine processing device. A computer control/data collecting system is designed 
so that electronics potential can be independently passed to any pad in an array, and the current which 
flowed considering the detailed location-electrode system as a result may be measured, computer 
control / data collection interface: a — super — display of the array of a detailed location In order to 
solve the cutoff in the highest level by the display of high level and low level, and in order [ in low 
level ] overly to fully solve cutoff of a detailed location, drawing of a **** detailed location is offered. 

b) If a detailed location top is overly clicked, control of a detailed location will overly be able to set up 
by the display of other control array which overly overlaps the thing of a detailed location besides the 
time amount array of the signal which window drawing of a detailed location overly starts and is the 
magnitude and the situation of various gestalten and potential when the property of a detailed location is 
overly explained, and others. Moreover, this system also displays the data and the signal which were 
overly collected per detailed location by statistics with other data which overly form a detailed location, 
and comparison. The analysis about a control design, the accepted actual control signal, and collected 
data, a classification system, and a storage document function are offered by the chart. 

c) By software, all switching and data collection are offered through the hardware interface controlled by 
input from the array control software indicated to b. 

d) Image collection and a throughput are offered by separate hardware and a separate software system, 
this system — super — the array of a detailed location ~ projecting ~ activity — the fluorescence signal 
from the DNA binding interaction in a detailed location is overly recorded, and the result of a DNA 
binding experiment is read. By image-processing software, these images are processed quantitatively 
and the capacity that a quantitive assay result can be extracted is offered. It connects with an interface as 
thoroughly as array control / data-collection software, and this software offers the concentrated system 
which records all the assay results from the current data and imaging data of APEX device control / 
electrode, analyzes these data, decreases the result related with assay together with the auxiliary 
information about the consistency and dependability of these results, and keeps all data and analyses. 

e) In an APEX controller, it is [ this software and ] "among assay." 

And although the carbon button which accesses the function of a thru/or c will be incorporated with the 
upper layer which offers only the display of a "result" if it requires, in all cases, a thru/or c will be 
collected and kept. 

f) The controller of an initial version which should be used for the object for development offers the 
aforementioned hardware interface using the National Instruments (National Instruments) board linked 
to this Quadra 950, using Macintosh Quadra (Macintosh Quadra) 950 as a host computer, the current of 
versatility [ boards / these ] ~ APEX — the potential which overly flows an electrode system as a sink 
and a result in a detailed location is measured. The National Instruments (National Instruments) board 
used by this controller Yes, a - RESORUSHON multifunction (High Resolution Multifunction) I/O 
board, NB-MIO-16XL-18, an analog output (Analog Output) board, NB-AO -6, a timing input/output 
(Timing Input/Output) board, NB-TIO -10, Brock Mohd (Block Mode) DMA-, and -GPIB interface 
(Interface) board, They are NB-DMA2800, an analog signal conditioning module (Analog Signal 
Conditioning Modules) board, a module for thermocouples, and other environmental sensor 5b series. 
The connection between the NuBus board in Quadra and an APEX device is SCXI stored in SCXI-1001 
frame. It will let a 16-channel SPDT RIREI module board pass. 

Example 14: Preparation of an electronics control sample, and hybridization analysis-concentration 
APEX system Crushing (for example, digestion) of the selection; cellularity matter, a series of 
separation processes, and compatibility reaction of a cell are usually included in sample preparation. 
Sample preparation is important for a molecule biological reaction. For example, since the inefficient 
more actual amount of target DNA arrays in a sample preparation process is lost so much, hybridization 
assay is often restricted. 

The fundamental APEX concept of electronics control can be used for the sample preparation in DNA- 
hybridization assay. Probably, the sample preparation, cell selection, and analysis which should be 
performed on an electronics system [ activity / components / APEX ] by the electronic approach will be 
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possible. Sample preparation will be started by the cellularity in selection, digestion, and the sample of a 
cell, and rough separation of DNA from the heterogeneous matter. An electronic device is efficiently 
moved towards the analysis components of a device, processing this sample DNA electronically and 
removing other matter. This system offers the suitable scaling factor for Target's DNA efficient 
processing. Probably, about human genome analysis, the efficient pre-hybridization process that 
probably a great portion of """-specific DNA will be separated from Target DNA is included in 
electronic sample preparation. 

About sample preparation, a concentration device or a perfect APEX system extracts a rough sample 
(others [ urine / blood, a sputum, and ]) relatively, processes it by the minimum routine and fluid 
engineering, and, subsequently carries out the delivery of the target DNA to the analysis components of 
this device electronically. Generally this "activity electronics processing" differs from the automatic 
control or robotics processing which is a manual process and a technical mechanical version. 
All the concentration APEX and systems for DNA sample preparation and analysis are processible using 
the components of a large number based on a general APEX concept, a structure-of-a-system element — 
(1) electronics cell selector unit; — (2) electronics reagent dispensing unit; (3) electronics — unnecessary 
1 -time activity unit; — (4) rough DNA selector unit; 

(5) The second DNA or a restriction fragment selector unit; (6) DNA-fragment preservation unit; and a 
(7) APEX analysis unit (chip) are contained. A concentration APEX system is shown in drawing 18 . 
This system is processible on a big silicon wafer. As an exception method, each component can be 
processed with detailed lithography or a micro machine processing technique, and can arrange the plat- 
form unit designed specially (for example, it connects), the perfect structure-of-a-system element is 
designed so that those service areas may be expanded by the fixed ratio to the size of a relative sample, 
and (a cell — like) the amount of the matter in this sample (cutback), for example, generally a cell sorter 
service area is larger than a rough DNA selector service area ~ will come out and I will be — it carries 
out and then it is larger than a restriction fragment APEX analysis chip service area — will come out and 
I will be — it carries out and larger than an APEX chip service area — I will come out. 
although this cell sorter "effective area" can be considered as the order of 2 several cm as an example — 
64 ~ the sum total "effective area" about a detailed location APEX analysis component will overly be 
less than [ 1mm ] two. The plat- form unit is designed so that all the component units in a sealing 
common buffer-solution reservoir may be supported. The suitable sample which reaches hundreds of 
microl is added to this system through sample addition opening near a eel selector component. A eel 
selector component is the APEX device of the big scale which can have the selection compatibility 
exceeding per [ different / 1 ] cell type or different it. Selection of such compatibility can be performed 
based on cell surface charge, hapten, and an antigen. 

As an example, compatibility selection of a whole blood liquid sample can choose a leucocyte cell (a 
lymphocyte, others) from an erythroid cell. An embryonal cell can be chosen from a corporal blood 
sample using a high selection process. Moreover, compatibility selection can also be made about an 
infectivity microorganism (a general invitation, mold, recently, and virus), the selected cell carries out 
eel selector component adhesion, and remains — receiving — ; — all — others — a cell and the protein 
matter are conveyed to an one consumption activity unit. At this event, a cell is digestible with the free 
field electrophoresis transport from the electronics reagent dispensing unit of the cleaning agent which 
carried out electrification, the chaotropic agent and/or a suitable digestive enzyme, and a proteolytic 
enzyme (a lysozyme, protein kinase K, a pepsin, others) to the cell on a eel selector unit. By deflecting 
an one electronics consumption activity system suitably, a certain kind of digestive consumption matter 
is removable. By just deflecting a rough DNA selector unit, even this component can convey the rough 
nucleic-acid (DNA/RNA) matter shortly. 

A rough DNA selector is an APEX device which has general compatibility to DNA. This compatibility 
is a front face containing the front face which just carried out electrification, community, or a repetitious 
DNA array. For example, the Alu repeat prehension array will catch efficiently rough DNA of most 
which was extracted from the human cell. When infectious disease analysis is an object, bacteria 
common to community or a group or a virus array can be used. In addition to removing a foreign 
material from DNA,; this APEX and system are designed also so that the compound nature of Sample 
DNA may be decreased. This can be attained by cutting DNA selectively in a rough DNA selector unit 
using a restriction enzyme. This restriction enzyme is conveyed from a reagent dispensing unit. 
A cutting restriction fragment is conveyed from the second DNA or a restriction fragment selector unit 
by just deflecting it shortly. Using the suitable prehension array on that front face, this unit is designed 
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so that it may combine with DNA of a big fragment selectively. 

The DNA fragment chosen at this event is conveyed even to an APEX analysis chip for hybridization 
analysis. Moreover, a DNA fragment can be conveyed even to the exterior of a storage unit or a system. 
The aforementioned example shows some of mere possible scenarios to sample preparation and two or 
more hybridization analysis. The binding affinity of a component can perform extensive various 
processes by the programmable thing, united different component, and the versatility of a function. 
Although DNA was used as the first example, an aforementioned device and an aforementioned 
approach can be used also for processing and analysis of a target RNA molecule, protein, a 
polysaccharide, a lipid, and other macromolecules. 

All the periodicals including the nucleic-acid array and amino acid sequence which are carried by each 
periodical referred to carry out source designation, and it is considered that they are some of these 
descriptions. 

Other examples are within the limits of the following claims. 
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C 1 >— : 

(i)WtSIA: -?J>r)V • v»x-f • ^5 -(Michael J . Heller) 

:x-^> • f-a — (Eugene Tu) 

• i-f . i/N*>^(Glen A. Evans) 
p^F* • V7sJ + — (Ronald G. Sosnoeski) 

( i i i )82?i]©£& : 4 5 

(i vmfs&m : 

(A) SfiA : 5-<^J-> • 7> K • * XL yon 6 Lyon) 

(B) iO : h • i/y • X h 'J- h6 1 1S= 
(O^IJrU: nxr^'M 

(D) W : #';7*;V~TW 

(E) H«F: ^tS 

(F) §&{g#^: 9 0 0 1 7 

(A) «E(*OS : 3. 5' <f4 X^y K 1. 4 4Mb«# 

(B) n>t°^-^- : IBM3>y<fy;l/ 
(OWWf'WA: IBM P.C.DOS(A-v? 3 y5.0) 
(D)V7hfx7: «7- F'<-7x^ K'<-S>a >5. 1) 

(v i mmmm^-^ = 

(A) H3^l#^ : 0 8/2 7 1.8 8 2 

(B) ttJKHB : 1 9 9 4*P7£ 7 B 

(C) #3S : 

(v i i )5fc©tMx-:? : 
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(A) HJJM# : 0 8/1 4 6,5 0 4 

(B) tHPB : 19 9 3^11^10 



(v i i i )ttSA/ft3J 

(A) ft* : "7 — 7 -f — , t* y K • tf«f 

(Murphy, David B. ) 

(B) gi§#^f: 3 1.125 
(OjHH^r^m 2 0 7/2 6 3 

( i xmmmmmmmm 

(Ammg^: (2 1 3)4 89-1 60 0 

(B) 7r-yntf : (2 1 3)9 55-0 4 4 0 

(C) fl/7^t^: 6 7-3510 



( i )K?fJ©^tt : 

(A) 8B?iJ©g£ : 2 4 

(B) E^ijCD^: t*» 

(C) «®»: 



( i i mm : E?fl#-% : 1 : 

GCT ACG CCC TGC TCA TGA GTC TCO 

(2)E^iJ##: 2KlIt|-f 3fflf* : 



( i )S55U©4$tt : 

(A) MB?'JCD^$ : 2 1 

(B) B2?1J©S{ : 



< i i )SS?iJ : SeyiJS"^ : 2 : 

AAA AAA AAA AAA AAA AAA AAA AAD 
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(2)R?lJ## : 3KWf*ffi« : 
( i )E5ij04#tt : 

(A) E?iI©fi$ : 3 4 

(B^mnom: mm 

(C)ttO»: -#* 
( i i mm : @e^J#^- : 3 : 

CTA CGT GGA CCT GGA GAG GAA GGA GAC TGC CTG V 34 

(2)se5ij#^ : 4Kmi-z>mm : 

( i )@£3njO#& : 

(A>£yiJ©g$ : 2 0 

(B) @E?)J©S: TO 

(C) «HO»: -#« 

(D) h^P^- igm^ 
( i i )EW : @£?IJ#^- : 4 : 

GAG TTC AGC AAA TTT GGA GU 20 

(2)@e?ij#^ : 5icm-t^n ■. 

( i )E5iJO«rtt : 
(A)E7i]©S$ : 2 0 

( i i )EW : S£?iJ#^ : 5 : 

CGT AGA ACT CCT CAT CTC CU 20 

( i )BEyU©#& : 

(A) SE^iJOS$ : 1 8 

(B) ge?'J©§!> : 
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( i i )S£?U : mm^r : 6 : 

GTC TCC TTC CTC TCC AGU 



is 



C2)E9lJ*^: 7Kj$rr£tft$R: 

(A)BE?ije>:g£ : 2 0 

(C)gJ©gt: 
( i i )E?»J : E*J«- : 7 : 

GAT GAG CAG TTC TAC GTG GO 20 

(2)&3*j#-*§- : 8\zM-tzmm: 

( i )E?iJ©#tt : 

(A)E?tJ©;g£ : 1 8 

( i i )E^J : EJtJ#*t : 8 : 

CTG GAG AAG AAG GAG ACU 16 

( i mm<D&& : 

(A) E?iJ©S£ : 2 2 

(B) ffi?'J©§5>: *£g£ 
(C )$*©&: — *§Ji 

( i i )E?iJ : E?iJ#^ : 9 : 

TTC CAC AGA CTT AGA TTT GAC U 22 
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( i )EW©<»tt : 

(A) e7>]0g3 : 2 0 

(B) EfljCDg{: 

(C) $j|©& : 

( i i )E?IJ : : 1 0 : 

TTC CGC AGA TTT AGA AGA TU 20 

(2)I£?iJg^ : 1 1 KMiJ-£1iNg : 

(A) K^iJCD^^ : 2 0 

(B) SH?iJ©S! : 

( i i )E?iJ : mtm^ : 1 1 : 

TGT TTG CCT GTT CTC AGA CTJ 

(2)E?<J«: 12Kl£f£tim: 
( i )IE?iJ©!|## : 

(A) BE?iJcDfi£ : 2 0 

(B) BE^JOM : 
(Cm<D& : 

(D) h^av 5 - _*£_# 
( i i )E?«J : E?iJ#-Sf : 1 2 : 

CAG CGC TGT GAC AAA ACA TU 

(2)E?U#^: 1 3KH9-f *1ffg : 
( i )E?iJ©<#& : 

(A)Se?ijOS$ : 2 0 



20 



20 
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20 



(C)8UD#: -*« 
( i i )m?*l : E?iJ#^ : 1 3 : 

TGC GAG CTG GAG TCA GAC AT 

(2)K?iJ#-^ : 1 4\zm-t^mm : 
( i )E?U©«rte : 

(A) Se?iJ©S$ : 1 8 

(B) ge^iJOS: TO 

(C) g|CD&: 

( i i mm : ETU*^ : 1 4 : 

GAG AGA CTC ATG AGC AGG 18 

(2)E?iJ«Ht : 1 5»'gH-r5«fg : 
( i )R?U©#tt : 

(A) SE^iJ©S$ : 1 8 

(B) mmcom: mm 

(C) «©«: — *SI 
( i i mn : ETiJ*-^ : 1 5 : 

CCT CGT CAT GAG TCT CTC 18 

(2)i2FiJ#^ : 1 6CH-r*»« : 
( i)E?U©#tt : 

(A) iS?iJe>S£ : 19 

(B) E?iJZ>M: 

(C) *l©&: — *m 
( i i )E?lJ : E?>J§-*§- : 1 6 : 

TTT TTT TTT TTT TTT TTT T 19 
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(2)se?'j#*5- : i ncw-tzmm 
( i : 

(A)IB?1JCDS$ : 3 3 

(C)«©»: — 
( i i )E?IJ : KW#^ : 1 7 : 

CAG GCA GTC TCC TTC CTC TCC AGG TCC ACQ TAG 33 

(2)S2?IJM- : l8lCM-r*1**: 
( i )E?iJ©#& : 

(A) @£^iJ©S$ : 1 9 

(B) Se^iJtOS! : RR 
<C)«©» : — 

( i i )SE?lJ : @S?IJ#-5f : 1 8 : 

CTC CAA ATT TGC TGA ACT C 19 

(2)SB?iJ#^ : 2 0 KWf 3tit#B : 
( i mWft'QL : 

(A) Be?iJ©S$ : 1 9 

(B) B5?lJ©g9 : RR 

(C) «©3S: — #gl 

( i i )E3&J : E3«-S§- : 2 0 : 

GGA GAT GAG GAG TTC TAC G 19 

C2)EFU#-^ : 2 1 i:Ht-5«« : 
( i )E?iJ©4#& : 

(A) E?U©S£ : 17 

(B) gE?iJ©I« : Stt 
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(D) ^oy- 
( i i )8E?iJ : EWS-f - : 2 1 : 

CTG GAG AGS AAG GAG AC 

C2mnm^' 2 2rcw-r*««: 
( i )gew&tt : 

(C) »©«: 

(D) htfov*- 

(i i )B5?iJ : E*J#-5 : 2 2 : 

CCA COT AGA ACT OCT CAT C 

(2)E*1«: 2 3KW«fl!*: 
( i )@5?iJ©4#& : 

(A) BE^JCDg$ : 

(B) BE?UCDM : 

(D) htfp'J?- 
( i i )Efll : 15?lJ#-^ : 2 3 : 

GTC TCC TTC TTC TCC AG 

(2)E?»JW: 2 4KWr*««: 
( i )E*J©4#tt : 
(A)BE^iJ©S$ : 

(C) ^CD^ : 

(D) h#n'> 

( i i )E*J : iE?iJ#^ : 2 4 : 

GTC AAA TCT AAG TCT GTG GAA 



1 9 



1 7 



2 1 



aw 



17 



19 



1-7 



21 
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( i )K?iJ©#& : 
(A)E?'j©ft£ : 19 

(C) «©» : 

( i i mm : se?>jii^ : 2 5 : 

ATC TTC 7AA ATC TGC GGA A 

( 2 )BB?iJ§^ : 2 6 KM-r*flMR : 
(OETflOfctt : 
(A)E7U©g£ : 1 9 

( i i mm : ebi« : 2 6 : 

CTC TQA OAA CAS OCA AAC A 19 

C2mmm^r 2 urn-? zmn 
( 1 mm<o<%& : 
(Ammco&z : 1 9 

(D) h#p>?- jg^jyj 
( i i )8E?iJ : @e^JS^ : 2 7 : 

ATG TTT TGT CAC AGC GAT G 19 



( i )E?iJ©4^tt : 
(A)E?ijQS$ : 3 o 

(Bmmom: mm. 
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(C -*« 

(D)h^n^- mm®. 

( i i )153FIJ : @E7iJS^ : 2 8 : 

GOT GGT GGG CGC CGG CGG TGT GGG CAA GAU 30 

(2)@2?iJ#-^ : 2 9\ZM?%mm: 

(A)He^iJ©S$ : 3 0 

(C) g£©$St: — #« 

(D) h^D^- Mtt 
( i i )E?"J : @£?iJ§-^ : 2 9 : 

GGT GGT GGG CGC CGT CGG TGT GGG CAA GAU 30 

(2)E7«#-5- : 3 OKM-raflMR: 
( i )EJ«J©«?tt : 

(A) S2?'jGD:gS : 1 5 

(B) SB?IJC!>M : 

(C) «©»: 

(D) h^n^- mm® 

( i i )E*I : EMM : 3 0 : 

CC OCG GCC GCC ACA C 15 

( i )Ey*©«KH4 : 
(A)EyiJOS^ : 15 

cb)e?u©m : mm 

(C)«©»: 
( i i )K7U : E?'J§^ : 3 1 : 

CC GCG GCA GCC ACA C 15 
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(2mvm^ : 3 2KM-?zmn ■. 
( i mnoft®. : 

(A) @B?'J©^$ : 1 5 

(B) ffiyiJCDS : 

(D)h#py- eta** 

( i i )B5yiJ : S2?iJ#-*i : 3 2 : 

CC TOT OCA OCC ACA C 15 

(2)Kai#^ : 3 3K|I8-r*ttf« : 
( i )E?U«D#tt : 

(A) E?i]©S£ : 3 0 

(B) gB^ijO^: ^ 
(C -*» 

( i i )E?iJ : EW#-5 : 3 3 : 

GGT GOT GGG CGC COG CGG TGT GGG CAA GAU 30 

C2)E3W§- : 3 4 KM-tZt&m : 
( i )E?U©#& : 
(A)i£*iJ©S£ : 2 9 

( i i : EMM : 3 4 : 

GGT GGT GGG CGC CGG CGG TGT GGG CAA GA 29 

C2)EWt : 3 5KM-*-StMR : 
( L )E*]©4#tt : 
(A)E?iJ©g£ : 2 2 
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( i i )E*J : Se?iJ#-^ : 3 5 : 

TGC CCA. CAC CGC CGG CGC CCA C 22 

( i : 

(A) S£5*jcDg$ : 2 2 

(B) Sc^iJoM: 

( i i )E3RJ : : 3 6 : 

TGC CCA CAC CGA CGG CGC CCA C 22 

( i mmo&ak : 

(A)@e?iJ0;5£ : ? 

(D)h^P^- sum 

( i i )@B?IJ : SE^IJS^ : 3 7 : 

TGC CCA CAC CAC CGA CGG TGC CCA C 

(2)B2?iJ#^ : 3 8KM-fZffim : 
(i )Be^iJO## : 

(A) lc?iJG>g$ : 7 

(B) @S?|J0S: tt& 

( i i )B2F'J : E9>l#-^ : 3 8 : 

ACA CCG C 



22 
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( i mn®<®& : 

(A)E5IJ©£$ : 7 
(C)«l©»: 
C i i )E2BJ : : 3 9 : 

ACA ACS C 1 

( i : 

(A) ffi?'JOS$ : 3 1 

(B) ge^iJOg) : ^ 

(C) «fl>&: — 

( i i )mm •■ = 4 o : 

CCA GTC ACG ACQ TIG TAA AAC GAC GGC CAG U 31 

(2)is?u## : 4 1 iMi-zmm .- 

( i )E^iJ04ftt : 

(A) @E?iJ©S$ : 3 1 

(B) ie^iJ©^: ]$gg 

( i i )E3?>J : Si?iJ#^ : 4 1 : 

GTA ATC ATG GTC ATA CGT GTT TCC TGT GTG U 31 

(2)ib?>j#^: 4 2Km-tzmm: 

( i )B25nj©#& : 

(A) @£?iJ©g$ : 4 0 

(B) @£?U<Z>§! : 
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(C)*TO&: -*M 
( i i )K?i] : @S?iJ#-^ : 4 2 : 

GCA TGC CTG CAG GTC GAC TCT AGA GGA TGC CCG GGT ACC G 40 

(2)E7U«^: 4 3ICMT*««: 
( i )E?iJ©tStt : 

(A) Ey!I©«S : 4 0 

(B) B2?iJ©M: ^Sf 
( i i )@£?t] : : 4 3 : 

TGC CAA GCT TGG CTG CAG GTC GAC GGA TCC CCT GGA ATT C 40 

C2)E?iJ#^-: 4 4lcM-?&ffim: 
( i )E?IJ©«$tt : 

(A) E^©S$ : 2 4 

(B) E?)JCDg! : MS? 

(C) ^©&: 

(D) btfov»- HfcM* 
( i i )S2?>J : B£^J#-^ : 4 4 : 

AAA TTG TTA TCC GCT CAC AAT TGC 24 

(2)E?U#^: 4 5*r|38**tim : 
( i )B£?iJ©## : 

(A) geyiJCDg£ : 2 4 

(B) sg^ij©M : mm 

( i i )BE?iJ : E^JS"^ : 4 5 : 

ACA CAA CAT ACG AGC AGC CGG AAG CAT 24 

[Translation done.] 
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* NOTICES * 

JPO and XNPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DRAWINGS 
[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 
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FIG. 3. 
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[Drawing 4 ] 
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[Drawing 6] 
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FIG. 7a. 
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FIG. 7b. 

[Drawing 8 ] 
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[Drawing 9] 



http : //www4 . ipdl . inpi t . go j p/cgi -bin/tran_web_cgi_ej j e 



4/24/2007 



JP,09-503307,A [DRAWINGS] 




http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



JP,09-503307,A [DRAWINGS] 



Page 11 of 22 





s 

■St 
* 

M 



I* 

s 

5* 



[Drawing 11] 
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FIG. I la. 
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[Drawing 12 ] 
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FIG. 12a. 
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[Drawing 12] 
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FIG. 12c 




FIG. I2d. 




[Drawing 13] 
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FIG. 13a 
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[Drawing 14] 
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FIG. 14a. 
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[Drawing 14] 
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FIG. 17. 
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(5) (*»#y 
Y*> (b tffflft y Sr-a-dH - 6 «> Sr »Jffi h - ; 

(8) >j- 3 ^ ^ t-^ K/7 v-x i-sii&fS i ttt ^ ^ 
v -f '7- x fcKRSlt ti &ffi L, 1*^-7 -r X Y ic^-f v* ; <^ 

( 1 0) if* L ^ *iUr Jr. 0 s &tK! 

tragus f-x^w KM* <* frvfcimas-fi 5 jt/ ft. 
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